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6 PREFACE

are not aited here Tt 1s gratifying to note that subsequent devel-
opments have not modified but have corroborated the interpreta-
tions set forth there These chapters present a continuation from
where that treatise left off, but since this work must portray the
eniire picture, 1t 15 necessary to chart ground previously gur-
veyed The relationships depicted there integrate smoothly with
recent acqusitions of knowledge These include Disturbances
of fluud balance physiologically related to shock, the orgin and
sigmficance of the associated blood chemical changes, similanties
and distinctions between shock and the effects of hemorrhage, the
effects of radiant energy, disturbances of renal function, and others

The physiologic and pathologic features of shock, its dynamaics,
1ts conditions of occurrence, blood chemical changes, similanties
and distinctions between shock and the effects of hemorrhage,
disturbances of renal function, and others, are given detailed
consideration in Part I Part IT deals exclusively with practical
matters including prevention, early recognition, diagnosis and
management One chapter sets forth the most recent develop-
ments 1n the use of transfusions, plasma, serum and blood sub-
stitutes 1n the treatment of hemorrhage and of shock

1 gratefully acknowledge indebtedness to my associates for
their steadfast cooperation both in developing and m recording
the matenal presented here—to Drs David R Morgan, Marshall
M Lieber and Donald McGrew for efficient collaboration in
pathologic and experimental studies, and to Miss Mary T Kelly
for patient and tireless clerical assistance Vv H M
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SHOCK

Its Dynamscs, Occurrence and HNanagemen:

PART 1

The Vascular Dynamics of Shock

FOREWORD

Few conditions of disease have been subjected to more diversi
fied or penetrating nvestigation than has shock, yet final agree
ment concerrung its nature and mechamsm has been delayed.
For more than a decade, my assocates and I heve retraced the
trails left by others in thus field and have made a few excursions
mto regions not htherto explored From these expeniences the
conviction has emerged that four major causes are responmble for
the confused interpretations of shock

1 Deficrency of knowledge concermng capillary reactions and
Junctions

2 A behief sn the sdentity of shock wnth the effects of kemorrhage

3 Unrecogmzed sources of error in expersmental lechmigue

4 Faslure to snvestigale the problem by the methods winch
pathologists use

An analysms of these causes for disagreement, and of evidence
resulting from the efforts of other workers, may clanfy some of
the uncertainties which have surrounded this subject. It 18 the
authors behef that such an analysis may dispel much of the con
fusion and may contribute to a clearer undemstanding of the
mechanism of shock and of 1ts assocated phenomena.
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CHAPTER I

THE CAPILLARIES!

THE enormously important functions of the capillaries in the
economic order of the body have not been understood until
recently Likewise pathologic processes ongnating in the capil-
laries have not been recogmzed hitherto These two phases are
combined mseparably in several disorders of the crculation A
brief summary of endothelial functions and of capillary reactions
1s essential to a comprehension of the pathologic physiology of
shock Moot questions and minutie will be omitted and only
those interpretations will be sct forth concerning which there 1s
agreement among students of capillary physiology

CAPILLARY PHYSIOLOGY

Tissues during functional activity require 20 to 40 times as
much blood as the same tissues at rest IEach tissue and organ
has a capillary supply adequate to 1ts maximum need which 1s
far 1 excess of 1ts requirement when at rest If the entire capillary
stream bed of the skeletal muscles were open to a normal diameter
simultaneously, approximately the entire blood volume of the
body would be required to fill 1t Other areas, as the gastro-
intestinal tract, the respiratory tract or the parenchymatous
organs, have a total capillary supply perhaps of equal magnitude
to that of the muscles From these considerations it becomes
apparent what a serious arculatory disturbance mught result if
the capillary bed of a large wvisceral area should become relaxed
and open to circulation simultaneously -

The chief functions of the blood —supplying oxygen and other
substances to the tissue cells and the ehmination of waste products
—are accomplished by diffusion through the capillary endothelium
A mere increase 1n the artenal blood flow to an organ does not fill
its arculatory requirements The metabohic needs of the cells
are served only when the blood 1s spread upon the surface of the
capillary endothehum  The area of this diffusion membrane

1 AutHOR'S NOTE —Part of the subject matter in this chapter 1s condensed
from several chapters of Shock and Related Capillary Phenomena, New York,

Oxford Press, 1938 Readers desiring a more detailed analysis of capillary
reactions will find references there which are not cited here

(12)



CAPILLARY PHYSIOLOGY 13

must be mcreased m a degree proportionate to the increased
metabolic activity Krogh showed that the capillary tubes are so
finely drawn that within them 1 cc of blood 18 1n contact with
from 5000 to 7000 sq cm of endothehal surface If one can
imagine 16 drops of flud evenly spread upon 4 or 5 square feet of
surface, he may sense the physiologic efficency with which a
mimmum volume of blood 1s spread upon 2 manmum area of the
diffusion membrane

The mechamsm by which both the distribution of blood and the
area of diffiusion surface are adjusted to the needs of the cells 1s
marvelous 1 1ts delicacy and adaptabiity Nerve control 1s a
munor factor 1n this mechamsm, the major factor 1s the direct
reaction of the capillanes to minute alteration in biochemical

RORMAL CAMLLARY REACTION

ctions Cowrympta Endothelnt:
F of caypen Rebaxation
Actmly " Lianation "% Ddststion

of westea Pernsabiity

Artsrial Blood:
of capsaries Nutrirsent
FooSess tresce Oxygea
Stxta of Rest Hormone (PrinRary 1)

Fio. 1 —This dungram illustrates the sequence of physologic reactions by
which the ocal capiflary circulation is adapted to the needs of the cells.

concentrations, The capillaries are not sumple collapsible tubes,
for their walls bave tonus and contractihty independent of the
adjacent artencs and veins and 1n resting tissues, most of the
capillaries are contracted and bloodless Functioning cells con
sume oxygen and hberate products of metabohsm to which the
capillary endothehum 18 delicately susceptible The walls relax
and the endothellum becomes more permeable whenever moderate
anoxia develops. This relaxation both increases the area of endo-
thehal surface and allows an increased flow of artenal blood,
supplying oxygen and other nutnents  Fresh artenal blood con
tains & hormonal substance perhaps of pituitary ongin, which
causes the capillanes again to contract ‘This Limits the flow of
blood until lack of oxygen and the accumulation of metabolites
again cause relaxation Thus the arculatory cycle i the ndi-
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CAPILLARY PHYSIOLOGY 13

must be mcreased n a degree proportionate to the increased
metabolic activity Krogh showed that the capillary tubes are so
finely drawn that within them 1 ec of blood 1s 1 contact wth
from 5000 to 7000 sq cn. of endothehal surface If one can
imagwne 16 drops of flud evenly spread upon 4 or 5 square feet of
surface, he may sense the phymologic effidency with which a
mumumum volume of blood 1s spread upon a maximum ares of the
diffusion membrane

The mechanism by which both the distribution of blood and the
ares of diffusfon surface are adjusted to the needs of the cells Is
marvelous 1 its dehcacy and adaptabiity Nerve control 1s &
minor factor in this mechamsm, the major factor is the direct
reaction of the capillanes to minute alteration in biochemical

HORMAL CAPILIARY REACTION

Fractons! Conanption Endothellal:

hiniry of axypen Reloatem

of timree Lh;m“ Dristation
wein Parnsabiity

Arterisl Biood.
of sapitacies Metriment
Bloodiess ire Coygen
Stats of Rest Homons (Petartary T}

P16 1 —Tha dugram llustrates the sequence of physiolagic resctions by
which the local eapillary circulation m adapted to the needs of the cells.

concentrations  The capillanes are not mmple collapsible tubes,
for their walls have tonus and contractility independent of the
adjacent arteries and vemns and 1n resting tissues mest of the
capillaries are contracted and bloodless Functioming cells con
sume oxygen and liberate products of metabohsm to which the
capillary endothehum 15 delicately susceptible. The walls relax
and the endothellum becomes more permeable whenever moderate
anoxna develops This relaxation both increases the area of endo-
thelial surface and allows an increased flow of artenal blood,
supplying oxygen and other nutnents Fresh arterial blood con
tains a hormonal substance perhaps of pitwtary ongn, which
causes the capilanes again to contract This limits the flow of
blood until lack of oxygen and the accumulation of metabolites
again cause relaxation Thus the arculatory cycle 1n the indi



14 THE .CAPILLARIES

vidual capillaries 1s repeated at a rate directly commensurate with
the functional activity of the cells (see Fig 1) This constitutes
a self-regulating mechamsm which serves a double purpose 1t
distributes blood locally m proportion to the needs of cells, at
the same time 1t adjusts the area of diffusion surface—the endo-
thehal wall—through which the needed substances may reach the
cells In the highly efficient economy of normal circulation, no
excess supply and no unfilled demand exist The supply 1s
adjusted to the demand with dehicate accuracy

The response of endothelium to cytoplasmic substance and to
metabolic products 1s like that resulting from lack of oxygen
Ebbecke showed that cytoplasmic substance, released from cells
erther as a result of functional activity or of any kind of irntation
to the cells, causes dilatation of the adjacent capillaries This
reaction followed mld mjury to cells by .mechamcal, thermal,
chemical, electrical and toxic agents The subsequent investiga-
tions of Lewis confirmed those of Ebbecke  The cytoplasmic sub-
stance, given off as described, caused dilatation and engorgement
of capillaries and increased the permeability of the endothehum
This allowed plasma to transude into the tissue spaces, resulting
1n local edema He called this the “iriple response” and stated
that, whenever and however 1t occurred, it resulted from the action
of “H-substance” derived from the cytoplasm of cells These
1mvestigations furnish an acceptable explanation for the hyperemia
and edema which follow mjury to tissues and which precede the
development of inflammation

Ebbecke showed also that cells give off minute amounts of
cytoplasmic substance during, and as a result of, functional
activity, Other physiologists have stated that functional activity
mcreases the permeability of the cell wall or surface, this would
allow the escape of cytoplasmic flmd as stated by Ebbecke This
fluxd substance effects the adjacent capillary walls as described
above and 1s believed to cause functional hyperemia It appears
that lack of oxygen and products of the physiologic activity of
cells are the agents responsible for the normal dilatation of capil-
laries present in functronal hypererma Inflammatory hyperemia
1s a smular response of the endothelium to substances given off
when cells are mjured

The Formation and Flow of Lymph.—Fluids derived from the
plasma of the blood and from the metabolic activity of cells,
constitute the tissue flmd The watery portion of this, and 1ts
content of crystallonds and diffusible substances, may be reab-
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sorbed mnto the blood through the diffusion membrane—the capit
lary walls. The remander, mcluding colids and other non-
diffusible substances, finds its way 1nto the lymphatic capillanes
and constitutes the lymph  The volume of lymph fiowing from
an arex of tiesue 18 increased by conditions which ncrease the
formation of tusue finid  These include  physiologic actvity of
the tissue, an ncrease 1n venous or capillary blood pressure, a
decrense 1n plasma protewn, and wcreased permeabiliy of ihe
capillary endothelisam

Hedenhamn (1891) noted that commeraal peptone would pro-
duce & decline 1n blood pressure sccompanied by an wncreased
flow of lymph when given intravenously to dogs. He found that
extracts of vanous manne animaly and of normal tissues, a8 iver,
pancreas, mucosa, muscle and others produced the same effects.
He noted 1 such expermments that both the volume and the protein
content of the lymph were incressed and that the plasma volume
of the blood was decreased while 1ts total solids were mcreased—
a change now demgnated by the term Aewocomcentration (see
Part II, Chapter XX) He'stated that concentration of the blood
was characteristic of the effects of these “lymphagogues uf the
1st dass and sttributed those effects to incresed secretory
achvity of the endotheBum.

Investigating the phenomena described by Heidenhain Starling
showed that these ‘lymphagogues in each case were general
potsons which affected expecually the capillary walls and altered
therr semipermeable quality, resulting 1n the leakage of fwid from
the blood 1nto the tissue spaces  This explanation was confirmed
by subsequent studies on endothelis! function and reactions
(hrogh, Ebbecke Lews, Landis Drinker) The increased flow
of lymph its lugh protemn content, the declining blood pressure,
the decreased plasma vulume and the hemoconcentration result
from the leakage of plasma through endothehum rendered abnor-
mally permeable by the effects of the agents used Many other
substances have since been shown to produce the effects deseribed
These include certmin aflalouds, diphthena toxin tuberculin and
other bactenal products, foreign protemns and products of protein
cleavage hwtamine, bile and cholic salts, venoms, and many
drugs chemicals and powons  The agents mentioned, and many
others not Lsted, have one property 1 common—that of pro-
ducing relaxation and mereased permeability of capillary endo-

thelivm  Numerous instances of these effects are dted in Chapte
VI, \2L and \III o heplers
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certan jons, as Na, K chlondes and other constituents Both
barners between the compartments are freely permeable to water
thewr jmpermeability to other substances ss not absolute but
fluctuates physologically within hmite  For example capillary
endothehum allows the passage of small amounts of plasma protemn
(Donker), varying amounts of which may be found mn the tissue
flud and lymph This permeability mcreases dunng functional
activity of the tissue cells and diminishes dunng rest  But the
quality of semupermeability, mamiested both by the endothelial
membrane end by the outer cytoplasmic surface of cells, 18 abso-
Iutely essentlal to the operation of the force known as osmolic
pressure. Hence vanations in permeability beyond physologe
lumsts will render neffective the mechanism of flmd balance

The phymiologic control of the quality of permeabihity both
vascular and celfular, appears to be a function of the adrenal
corbical hormone  Lack of this hormane results 1 mncreased
permegbility both of endothelum and of cells The former 1s
mamfested by a disturbance in the distribution of fluid the latter
by abrormal distribution of electrolytes Both these disturbances
may result also from the action of any sgents which increase the
permeability of endothelum and of cells respectively

Gamble points out that the function of the kidnev 18 not hunited
to excretion, 1t 18 the outstanding organ regulating and controlling
the concentration of the extra-cellular flud  The kidneys cannot
or will not filter flmd from blood which 18 abnormally concentrated
(Marniott) nor can they function edequately when artenal blood
pressure 13 low  Renal dysfunction as related to disturbed flud
balance 15 discussed 1 Chapter XV

“Blood volume regularly 1 a questron of balance between the fuids
mithin the vessels and in the umues  When conditons arse which tend ta
lowes of rame the volume of blood counterforces come mw play which
restore the pormal level When arculatory Auid u fost the vessels replenuh

ves from the extra vascular spaces. On the other hand any ten
devcy for the blood volume to nse u met by a duscharge of the excess fud
1010 the uesues or along the excretory routes  So 2 balance i atruck and

 health the blood volume u mantamed remarkably constant.” (Best and
Taylae p, 26

The maintenance of a constant composition of the mnterstitial
flurd 13 essential to normal metabohsm and normat function of the
cells This 1x only one phase of @ highly complex and exceedingly
delicate mechamsm  Gamble holds that such terms as water
mfm;dm salt metabolum acdoms alkaloms dehydration and
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disorder prevents the absorption of flud from the tissues, upsets
the mechanizm for preserving normal blood volume and concen
tration, and deranges other functions

CAPILLARY PATHOLOGY

The capillanes are not only delicately responsive to metabalites
and to anoxa but they are lughly sensitive to other mfluences as
well They are susceptible to hight, temperature, H 1on concentra
tion, and to a wide vanety of organic and inorganic substances.
In response to such agents the capillanies dilate, ose their normal
tonus and the walls become abnormally permeable to colloidal
substances Landis states that any type of mjury to capillary
endothelium mcreases its permeability to blood plasna. This 1s
followed by the escape of flud from the blood mnto the tissue spaces
and by a corresponding ncrease in the flow of lymph from thst
rrea. When he obstructed an artery by pressure for three minutes
the lack of oxygen thus produced caused a fourfold mcrease n the
permeability of the capillanes mn the field supplied by that artery
Vanous chameal agents mjected into the blood caused a sevenfold
merease in endothehal permeabihty

The investigations of Krogh demonstrated that “capillary
powsans, @ ¢, those agents which produce injury to endothehum
cause relaxation and didatation of those munute vessels Capillades
s0 affected not only are dilated and their walls abnormally perme
able to plasme they have lost their normal tonus and do not
respond to nerve impulses nor to phymologic agents which cause
normal capillanes to contrmet  The endothelium of the venules
ia affected in the same way as that of the capillanes. Stass of
cireulation developed promptly 1n atonic capillaries and venules
and this condition became irreversible unless relieved within & few
mnutes.

The pathologic effects of mpury to endothehum may be shown
diagrammatically as follows

eromovs 15 EvameLiu |

Endothehal permea
Dutuchance of ﬂmdbi:h:l{nce
Edema of soft tisues
effunons

lncreated flow of [ymph
Hemoconcentraton
Capilio-\ enous congestion

Stans
Petethial hemorrthages



20 THE CAPILLARIES

When the endothellum 1s 1njured by any agent or condition, 1t
allows plasma to escape into the tissue spaces thus producing
edema and, oftentimes, serous effusions The corpuscles become
closely packed 1n the dilated capillaries and venules, and circula-
tory stasis results Stasis of the circulation 1s the surest sign of
increased endothehal permeability (Landis), at the same time there
occurs an ncrease 1n the number of corpuscles per umit volume of
blood If the area of capillary atony 1s local, the hemoconcentra-
tion may be lmited to that field If capillary atony has occurred
in extensive visceral areas, the corpuscular content of the blood
m the systemic circulation 1s mcreased m a degree proportional to
the total loss of plasma from the blood, this, 1n advanced stages,
1s accompanied by a decline mn the arterial blood pressure

As a result of capillary atony, there 1s a decrease in both the
actual and the effectzve blood volume The leakage of plasma into
the tissue spaces and cavities reduces the actual blood volume
and produces hemoconcentration The sequestration of blood by
stasis 1n dilated capillanes and venules reduces the return flow
of venous blood to the heart This lowers the venous blood pres-
sure and decreases the amount of blood actually in circulation—
the effective blood volume—which reduction tends to lower the
efficiency of the arculation by producing a dispanty between the
volume of blood and the volume capacity of the vascular system
That disparity results in part from the reduced blood volume and
in part from increased volume capacity mcident to dilatation of
the vascular stream bed

Compensation.—When the volume of blood 1s lowered and the
pressure tends to dechine, physiologic reactions are excited which
tend to compensate the deficiency Impulses, probably originating
in the carotid sinus, activate the sympatho-adrenal system which
mobilizes the resources of the body for maintamming circulatory
efficiency The discharge of adrenalin into the circulation stimu-
lates the myocardium and mobilizes glucose mto the blood from
glycogen stored 1n the hiver The volume capacity of the vascular
system 1s reduced by constriction which 1s selective m action,
favoring wvital organs at the expense of peripheral parts The
arteries are maximally contracted, the penipheral vems are col-
lapsed and bloodless, and the spleen 1s reduced in size and 1n
content of blood These effects reduce the volume capacity of the
vascular system and maintain efficient cardiac function Under
normal conditions the capillaries and venules may also be con-
stricted, but when they have been affected deletenously by
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potsons toxns, 1itants or by partial anoxs, the capillanes may
become atonic and unresponsve to stmul which cause normal
copullaries to contract

Another phase of compensation tends to increase the volume of
blood 1 arculation  This includes the discharge of blood from
reservours, such a3 the spleen, and the absorption of flud from
other sources. The latter u the chief means for restonng loss of
blood volume It includes the find absorbed from tissues, resulting
m ther relative dehydration and that supplied by the gastro-
intestinal route  When modemte loss of blood has resulted from
hemorthage, the volume 18 restored rapidly by sbsorption, but
when similar loss of volume occurs ncrdent to endothelial damage,
the mechamsm of absorption 15 rendered meffective  Instead of
increased blood volume by absorption, the blood continues to
lose more fluid by leakage

So long as the compensation Is effective, there 15 no ommous
declime 1 the blood pressure but the latter 1s mantained st the
expense of the valume flow of blood. Maximal artenal constne
tion may reduce the volume flow below an adequate physiologic
level and may decrease senoualy the delivery of oxygen to the
tusues  Capillary endothelium is delicately senmtive to lack of
oxygen When tssue anoxa develops, the capillanes become
atonic and abnormaily permeable, thereby sugmenting the pre-
wvious capillary damage This effect gives the circulatory dis-
turbance a self perpetuating quahity which operates as a vicous
arcle (sce p 53)

When the physologic reactions described no longer campensate
the disparity between the blood volume and the volume capaaty
of the vascular bed the arculation becomes obvioualy mefhaent,
the blood pressure declines progresavely and the clinfcal syndrome
of arculatery collapse or shock is manifested

Bummary - Physiologists have supphed Information concerming
the enormously important functions performed by capillary endo-
thelium. When that information 18 collected and summanzed
1t appears that no tissue or organ serves more diverse and essential
réles than those of endothehum.

It seems that the blood serves its functions of distributing
needed substances to the ultimate consumers—the cells—and of
colfecting and elminating wastes such as urea €Oy and others
anly when the blood i thinly spread upon a difusion membrans —
the endothelium  The absorption of oxygen flulds, hormonal and
other substances and the climination of excess water and heat
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hikewise are performed in the capillanes by diffusion through
endothelium

Substances discharged from cells, either as a result of functional
activity or of any kind of mjury, cause the adjacent capillanes
to dilate and to become more permeable This 1s a local physio-
logic effect resulting m functional or inflammatory hyperemia
respectively

The action of osmosis, and the maintenance of fluid balance
between the blood and the tissues, are absolutely conditioned upon
the presence of a normal semipermeable membrane—the endo-
thehhum-—between those compartments

Agents or conditions which affect endothelium deleteriously
alter 1ts quahty of semipermeabiity The resulting functional
disturbances depend on the extent and degree of this alteration
If extensive and severe, any or all of the processes mentioned may
be retarded, imterrupted or abolished Abnormal endothehal
permeability upsets the mechanism of fluid balance and of absorp-
tion, by which the blood 1s mamtamed at a composition and
volume within physiologic hmits, as a result, the blood volume
decreases and 1ts concentration increases Disturbance of renal
function results, for the process of filtration through the glomerular
endothehum 1s lowered progressively with hemoconcentration

A wide vanety of substances, including chemical poisons,
extracts of normal tissues, products of protein cleavage, venoms
and poisons of animal and bacterial origin, and others, have the
property of injuring endothehum If such substances gain access
to the circulation they may cause capillary permeability, dilata-
tion and loss of tone 1n extensive areas That effect may derange
the functions described, may upset seriously the mechamsm of
flud balance and may disturb the systemic circulation by creating
a dispanty between the volume of blood and the volume capacity
of the vascular bed The combination of these effects results in
the complex syndrome of shock.

Defictency of knowledge concerning capillary reactions and
endothehal function, as summarnzed i this chapter, was one
major hindrance to a comprehension of disturbances of fluid
balance and of other phenomena of shock Other important
hindrances to an understanding of shock will be discussed sub-

sequently
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the tissues frequently are dehydrated while the water content of
the blood remains unchanged To avoid this confusion 1t seems
logical to use dekydration as referring only to the tissues, and to
denote loss of fluid from the blood by hemoconcentration or by
anhydremia

Clhinical Features —The chinical signs of shock are well known
The patient 1s weak and profoundly depressed Metabolic and
functional activities are lJow The skin 1s pale and moist with cold
perspiration The eyes are sunken, the features are drawn and
anxious 1n expression producing the classical “Hippocratic facies ”
Normal tissue turgor 1s absent, the flesh has a lifeless doughy feel,
and the superficial vemns are collapsed and bloodless There 1s
constant thirst but efforts to relieve 1t are ineffectual because of
persistent vomuting Urination 1s decreased, the urine 1s concen-
trated and contains albumin, red cells, granular débrs and other
abnormal substances Often there 1s diarrhea and the feces may
contain mucus and traces of blood The respirations are shallow
and are interspersed with deep sighs The pulse 1s rapid and weak,
1t may be imperceptible in the peripheral arteries and, in late
stages, the blood pressure dechines progressively Temperature
changes are vanable After surgical operations or severe trauma,
low temperatures are common but after burns and in shock from
certain other causes the temperature may be increased The
patient 1s restless, “‘picking at the bed clothes” and may become
delirjous  As the condition progresses there are apathy, loss of
sensitivity and of reflexes Death 1s preceded by stupor or coma

A highly significant feature 1s the presence of small brown flecks,
often called “coffee grounds wvomatus,” i the flmd vomuted by
patients 1n shock These flecks give a positive response to phenyl-
hydrazine and to other tests for hemoglobin This phenomenon
has puzzled clhinicians, pathologists and others for many years
The flecks are now interpreted as derived from capillary hemor-
rhages 1 the gastric mucosa and as indicative of endothehal
damage They are therefore related to the pathologic physiology
of shock

PHYSIOLOGIC DISTURBANCES

The chnical syndrome described 1s accompanied by a char-
actenistic group of vanations from physiologic constants These
will be considered mn related groups

Cardiovascular —A marked decline wn the arterral blood pressure
has been overemphasized as a cardinal feature Meltzer (1908)
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stressed the fact that low blood pressure is not regularly present
Gray and Parsons (1912) stated that wicreased blood pressure
occurred m the first stage and that occasonally other mgns of
shock were manifested while the blood pressure was at its ghest
recorded point  Mann (1914) was impressed by the fact that
snmals often might show all the sgns of shock except a marked
dechine i the blood pressure  Cowell (1919) observed that no
immediate fall in artenal pressure occurred m severely wounded
men, but moderate increases were common m such cases the
decline in blood pressure occurred several hours later  Blalock
(1927) stated that the blood pressure 1s an inadequate gude to
the state of the arculation in inapent shock  Cope (1935) cor
roborated the findings of Gray and Parsons, he stated that hemo-
concentration and other sgns indicated shock more reliably than
the blood pressure  Wilson and his associates (3937-38) observed
an increase in the blood preasure i 35 out of 40 cases of severe
bumns seen within two hours aftec the ecadent.  Fishberg (1940)
atates that the blood pressure may remam norroal for hours or
even days 1n otherwise typical cases of shock

withere 18 no doubt that & marked and progressive decline i the
arterial pressure occurs m the late stages of shock It appears
that so long as the mecheniam of corapensation 13 adequate there
is no marked prolonged hypotenmon, when the latter develops, 1t
indicates neffective compensation or decompensation «~

Changes 1n the rate and quality of the pulse vary mth the
stage and degree of shock  The rate 15 not markedly creased
mapuent shock, often the pulse 1s slow and strong It ncreases
in rate es the blood pressure declines and when decompensation
oceurs it becomes very apd, thread like and of low volume.

The pulse pressure hkewse 18 inconstant  McKesson (1916)
reviewed the findings m 5000 surgical operations He recorded
a decreased pulse pressure as a feature of shock This was cor
roborated by Moreau and Benhamou (1918)  However, Arclubald
and McLean reported the observation on severely wounded
wldiers that an fnereased pulse pressure was charactenstic of
severe shock in an advanced atage

Many observations indicate that the venoys pressure is very
low mm shock  Cannon described the superficial veins as collapsed
or contracted These filled slowly when a tourniquet was applied
to the limb  Epmnger emphasized this feature as a distingmshing
charactenstic of shock  Many ohservers have noted the Aifficulty
of secunng blood by vempuncture from patients in shock and
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others have found 1t necessary to open the tissue and expose a vein
when giving fluid 1ntravenously in treatment Fishberg measured
the venous blood pressure in many cases of shock, he found this
markedly reduced, often to 1 or 2 cm H,0

On the other hand, Scudder has reported #mcreased venous
pressure 1n shock Such a finding 1s not in keeping with chmcal
evidence nor with the low peripheral circulation which 1s a cardinal
feature of shock One recalls that other conditions, as cardiac
faillure or fat embolism, may simulate shock closely and that
increased venous pressure 1s characteristic of them Is 1t possible
that some observations on patients in those conditions have been
mterpreted as applying to shock?

Blood Volume —Fischer (1870-75) commented on the disap-
pearance of blood from the carculation during shock  “Where
then 1s the entire blood volume® The heart contamns no blood
and the patients are pale as marble even when httle or no blood
loss resulted from the wound Where then 1s the blood hding?”’
Henderson (1910) noted a decrease in the total blood volume, m
the cardiac output and i the volume flow of arterial blood
Mann (1914) noted a marked decrease in the volume of crculating
blood and attributed the signs of shock to 1t He showed this was
beyond the control of the vasomotor system, that 1t was peripheral
rather than central in ongin, but he was unable to show the
mechanism of the “lost blood ”

Robertson and Bock demonstrated a reduced blood volume in
cases of shock resulting from wounds Keith made determinations
of blood volume 1n wounded soldiers and found that the reduced
volume paralleled closely the severity of shock When the blood
volume was reduced by 25 per cent, grave symptoms appeared,
when 1t was reduced 35 per cent, the condition became crtical
The reduction 1n volume was shown to be due to loss of plasma
and was accompanied by corresponding hemoconcentration Dale
and associates venified these findings in shock produced by mnjecting
histamine Gasser, Erlanger and Meek, also many others, have
confirmed these observations Cannon emphasized the “problem
of the lost blood” as the chief enigma of shock and predicted that
the explanation for this phenomenon would clanfy the mechanism
and ongm of this condition Meek wrote ‘“Shock 1s not the state
which results from a fall in blood pressure It 1s the state which
results from a decrease 1 the effective crculatory volume ”
There 1s no disagreement among wrters concermng the fact of



PHYSIOLOGIC DISTURBANCES 27

reduced blood volume, but there has not been agreement concern
ing the mecharism of 1t3 development

Yolume Flow —Henderson demonstrated in expenmental shock

-that the cardiac output was markedly reduced before any decline
oceurred in the artenal pressure  He cntiazed severely the view
that the latter 18 the essental phenomenon of shock In his
optnion, the central feature 13 the dimmnished venous pressure
which causes a decreased return flow of blood to the heart  This
lowers the cardiac minute volume output and thereby results in
fow artenal pressure  Gesell showed that & reducton of 10 per
cent m the blood volume may cause a reduction of 60 per cent
the volume flow of bleod Burch and Harnson found that the
eardiac output declined by 40 to 50 per cent before artenal blood
pressure fell  Ths occurred both in shock resulting from trauma
and from bumns Wiggers stated  “A decreased venous pressure
and the consequent reduction in the munute output 13 the pre-
dommant factor i the pronounced fall of artenal pressure dunng
the progressive stage of shock  Dale and Laldlaw stated  “The
systolic output from the heart fails because the diastolic filhng 18
madequate.” Eppinger concluded that the central factors 1o the
hemodynamics of shock from all causes are the same  a reduction
n the volume of blood and 1n the amount returned to the heart,
The latter feature explamns the diminished cardiac output end
volume flow At must be remembered that the heart s a force
pump not a suchon pump, it cannot draw blood to itself out of
the tissues but can only pump the blood which 1 returned to st
It has been shown that the heart decreases In size a3 shock develops,
thus adapting itself to the decreased return flow of blood by
decreasng 1ts volume output «

The decreased flow of blood through peripheral arteries 13 a
promunent clinical feature  The pulse {n superfinal arteries 18 small
and threadike or it may be unperceptible even when the heart
1s beating vigorously  Surgeons frequently have commented on
the fact that httle or no bleecing may occur when artenes of
medium uze arc severed m operations on subjects who are n
shock  These observations indicate that the artenal volume flow
may be reduced almost to extinction when shock 15 well advanced
The meximal arternml vasoconstriction which 1s one of the chuef
factors an this 18 & part of the mechanism of compensation de
scnbed m Chapter 1

Freeman Shaw and Snyder devised g method for determming
the volume flow of blood chinieally Their report indicates that,
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when the circulation 1s becoming- mmefficient, the deficiency 1s
compensated by vasoconstriction of the arteries This maintains
the blood pressure at adequate levels but the compensation 1s at
the expense of volume flow This may be reduced to a small
percentage of the normal, which entails a corresponding reduction
i the artenial arculation, before there 1s any notable decline 1n
the blood pressure
Baldes, Herrick, Essex and Mann made observations on the
volume flow of blood 1n peripheral vessels by means of a thermo-
-stromuhr  When shock was induced 1n dogs by 1ntestmal manipu-
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CHART 1 —Results of a typical experiment 1n which shock was produced by
mamnipulation of the intestines (Baldes, Herrick, Essex and Mann, courtesy of
Am Heart Jour)

Blood flow decreased 75 per cent but blood pressure rose and remained above
120 for four hours
lation, the flow of blood 1n the femoral artery declined immediately
and reached a very low level several hours before the arterial
blood pressure declined (see Chart 1)

Hematology —Many wnters (Hunter, 1890, Sherrington and
Copeman, 1893, Cobbett, 1897, King, 1902, Vale, 1904, Crile,
1909, Henderson, 1910, Mann, 1914) noted increased concentra-
tion of the blood dunng surgical or experimental shock During
World War I this phenomenon was observed repeatedly in wounded
soldiers

Cannon, Frazer and Hooper made erythrocytic counts, hemato-
crit readings and hemoglobin determinations 1n a seres of cases of
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hemorthage and of wound shock 1n wiuch hittle blood bad been
lost. They found that hemorrhage was followed by hemodilution
which tended to be proportionate to the amount of blood lost.
This was noted aleo in those who had served as donors for trans-
fusion Examunations of biood 1n cases of shock, sccompanied by
insignificant hemorrhage, showed hemoconcentration Counts of
red cells ranged from 6,000,000 1 mild cases to 9,000,000
severe cases They stated that the first noteworthy festure m
severe traumatic shock 18 & marked wcrease m the count of red
cells  They attributed this to stass of blood wn capillary areas
sccompanied by transudation of plasma into the tsue spaces,
with resulting concentration of the corpuscular elements

Barett found red cell counts and hemoglobin detepminations
valuable as indicating whether shock or hemorrhage was present
and 1n cstimabing the condition of the patient and the degree of
the operative nsk  Robertson and Bock confirmed the findings
of Cannon ¢f al, of Bazett and of hetth They found hemo-
concentration in cases of shock and hemodilution after hemorrhage
and made use of thus m determumng whether shock or hemorrhage
was the dominant feature 1n the condition of severely wounded
soldiers

Hemoconcentration has a sgnificance more grave than s com
monly apprehended for it mdicates with certamty that the mech
anism of flwd balance 15 senousty disturbed A further considera
tion of the occurrence of hemoconcentration and its usefulness 1p
diagnoss, will be found in Part IT, Chapters XX and XXI

The blood shows regularly & group of changes other than hemo-
concentration  The behavior of the leukocytes vanes with the
stage and the mtenuty of the condition In eerly stages and 1n
sybjethal degrees of shock there is marked Jeukocytosis winle 1n
advanced stages and in shock of severe degree there 1 leukopema
Thus 13 1llustrated by the effects of histarne  Dale and his asso-
clates noted leukapenia regulusly after wjections of Zethol doses
of histamine m cata. Lieber and I found that small doses of
tustamine were follon ed by moderate Jeukocytosis in cats monkeys
and m human subjects A few mrmlar observations have been
reported by others

Cennan reported the presence of leukocytoss ranging from
30000 to 50000 after wounds. Counts ranging between 25 000
aud 35000 were found within two hours after the mjury  The
leukocytoss was transient and usually disappeared within forty
eight hours It occurred too early and subswied too rapudly to
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when the circulation 1s becoming inefficient, the deficiency is
compensated by vasoconstriction of the arteries This maintains
the blood pressure at adequate levels but the compensation 1s at
the expense of volume flow This may be reduced to a small
percentage of the normal, which entails a corresponding reduction
m the arterial circulation, before there 1s any notable dechine n
the blood pressure

Baldes, Hernick, Essex and Mann made observations on the
volume flow of blood i peripheral vessels by means of a thermo-
stromuhr When shock was induced in dogs by intestinal mampu-
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CHART 1 —Results of a typical experiment 1n which shock was produced by
manmpulation of the intestines (Baldes, Herrick, Essex and Mann, courtesy of

Am Heart Jour )
Blood flow decreased 75 per cent but blood pressure rose and remamned above

120 for four hours

lation, the flow of blood 1n the femoral artery declined immediately
and reached a very low level several hours before the artenal
blood pressure declined (see Chart 1)

Hematology.—Many wrnters (Hunter, 1890, Sherrington and
Copeman, 1893, Cobbett, 1897, King, 1902, Vale, 1904, Crile,
1909, Henderson, 1910, Mann, 1914) noted increased concentra-
tion of the blood during surgical or experimental shock Dunng
World War I this phenomenon was observed repeatedly m wounded
soldiers

Cannon, Frazer and Hooper made erythrocytic counts, hemato-
cnt readings and hemoglobin determinations 1n a series of cases of
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hemorrhage and of wound shock 1 shich Lttle blood had been
lost They found that hemorrhage was followed by hemodiution
which tended to be proportionate to the amount of blood fost
This was noted also n those who had served gs danors for trans-
fusion Examinetions of blood 1n cases of sheck accompanied by
insigmificant hemorrhage, showed hemoconcentration  Counts of
red cells manged from 6,000,000 in mild cases to 9 000,000
severe cases. They stated that the firat noteworthy feature
severe traumatic shock 15 a marked wncrease 1 the count of red
cells They attributed this to stasis of blood 1n capilary areas
accompanied by transudation of plasma mto the tissue spaces,
with resulting concentration of the corpuscular elements

Bazet found red cell counts and hemoglobn determinations
valuable as indrcating whether shock or hemorrhage was present
and in estimating the condition of the patient and the degree of
the operative nsk  Robertson and Bock confirmed the findings
of Cannon ¢f af, of Barett and of Keith They found hemo-
concentration in cases of shock and hemodilution after hemorchage,
and made use of this in determining whether shock or hemorrhage
was the daminant feature 1n the condition of severely wounded
soldrers

Hemoconcentration has & significance more grave than is com
monly apprehended for 1t indicates with certamnty that the mech
anssm of fluid balance 15 senously disturbed A further considera
tion of the accurrence of hemoconcentration and its usefulness in
disgnosis, will be found i Part II Chapters XX and XA I

The blood shows regularly a group of changes other than hemo-
concentration  The behavior of the leukocytes vanes with the
stage and the intensity of the condition In early stages and m
sublethal degrees of shock, there 15 marked leukocytosis while in
advanced stages and 1 shock of severe degree there 18 Jeukopenia.
This is Tustrated by the effects of lustanune  Dale and his asso-
cates noted leukopena regularly after injections of letha! doses
of histamine in cats  Laeber and 1 found that small doses of
histamine were followed by moderate leukocytosis in cats monkeys
and in human subjects A few sumilar obeervations have been
seported by others.

Cannon reported the presence of leukocytoss ranging from
30000 to 50 000 after wounds Counts ranging between 25 000
and 35000 were found within two hours after the injury The
leuhocytoms was tranment and usually disappeared within forty
cight hours. It occurred too early and subsided too rapidly to
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have resulted from infection Brodin and Saint Girons reported
exactly similar observations On the other hand, when shock 1s
severe the number of leukocytes drops below normal Crile, also
Mann, reported a decreased leukocytic count as a feature of
experimental shock We have had occasion to corroborate this
finding In shock produced by various means 1n dogs, the leuko-
cytic counts dropped to between 2000 and 4000 as the condition
progressed toward death

Early wniters noted that the blood was dark, thick and that it
did not clot readily after burns or duning severe mtoxications or
infections Popielski cited an instance in which the blood remained
unclotted for sixty-four hours after experimental shock My
associates and I have found the coagulation time markedly pro-
longed during shock induced expernimentally by various means.

Whipple and Cooke attributed the imncoagulability of the blood
in shock from njection of proteose, to an excess of antithrombin
Howell ikewise attributes the retarded coagulation of the blood,
during anaphylaxis and after injections of peptone or of histamine,
to an excessive discharge of hepann (antithrombin) from the Liver
Probably the same mechanism causes the low coagulability of the
blood during shock from other causes

A marked decrease mn the reserve alkalmty of the blood has
been found by those who have made tests for this condition, both
in experimental and m chnical shock Cannon stated, “It 1s well
proved that i the absence of an adequate oxygen supply, the
lactic acaid which accompanies muscular contraction, for example,
1s not burned to CO, and water The liberation of such acd
would produce the effects which have been observed—a demon-
strable increase of lactates in the blood and a diminution of sodium
bicarbonate ” The CO. combining power of the plasma decreases
progressively as shock develops from various causes However,
efforts to neutralize the lactic acid and to increase the alkalimity
by introducing sodium bicarbonate solution intravenously have
not been effective in reheving the condition The development of
anoxema and 1ts grave effects in this condition are discussed in

Chapter IV

A decrease 1n the plasma ratio of albumin to globulin develops

- when shock does not lead to death immediately The amount of
the decrease 1s vanable, 1t sometimes 1s so marked as to reverse
the A.G ratio quantitatively This has been noted 1n shock from
burns, severe infections, intoxications, anaphylaxis and from other
causes This change apparently 1s due to a decrease 1n the albumin
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rather than to an mcressed globulin content It has been attrib-
uted to the fact that endothe ium becomes permeable 1n varymg
degrees  Musked permeabihty allows the entire plasma to escape,
when the permeability is increased only moderstely, the protemns
having the smaller moleculsr mee pass through the endothel}
membrane more readdy than do the larger molecules Hence
albumin Jeaks out more rapadly under these conditions while the
globulin having larger molecules, tends to be retamed

Aub and Cunningham found that the blood of subjects in shock

\conta.\m:d a subnormal amount of oxygen  This change occurred

early before the blood pressure began to decline Cannon and
others have reported the same observation Many wnters have
commented upon the fact that even the artenal blood acquires &
dark hue in sharp contrast to the bright red color of oxygenated
blood Freeman and assocatea reported a marked reduction of
the axygen content of the blood after extensive surgical procedures
Henderson and associates noted that there s & profound depression
of the metabohsm in shock. ¥The oxygen consumption was reduced
to 45 or 50 per cent of normal and the decrease was progressive ¥
ending in death Apparently the defiaent supply of oxygen §
directly related to the low metabohsm which 13 a regular featu
of shock The decreased oxygen content and volume flow of bl
reduce correspondingly all metabolic processes v

The blood chiondes often decline to about one-half the no
level when 2 state of shock has developed This has been
by numerous ohservers, not only 1n shock resulting from tr
extenmve surgery and burns, but also inadent to high int
obstruction pancreatiis pentomus and condibons of
tion from diverse causes. Usually, &2 i intestmal ot
the writers did not sense that the shock syndrome was
in the chinfeal condition ~The Joss of chlondes was s
the vomiting which accompanied the condition and §
recognized that the hypochioremia had a more general
as part of an unrecognired mdmmtfkmtly it has
that the concentration of other electrolytes var
potanium and magnemum content of the plasma
are vanations in the arid radicles as weli  Bisgard,
Osheroff noted that the changes in the sodium
the plasma varied inversely , a5 the gae declined the
This observation coincides with the cffects of
permeabulity as discussed on pp 35-38

The blood sugar is moderately above the n

«
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have resulted from infection Brodin and Saint Girons reported
exactly similar observations On the other hand, when shock 1s
severe the number of leukocytes drops below normal Crile, also
Mann, reported a decreased leukocytic count as a feature of
experimental shock We have had occasion to corroborate this
finding In shock produced by various means in dogs, the leuko-
cytic counts dropped to between 2000 and 4000 as the condition
progressed toward death

Early writers noted that the blood was dark, thick and that it
did not clot readily after burns or during severe mmtoxications or
infections Popielsk: cited an instance in which the blood remaied
unclotted for sixty-four hours after experimental shock My
associates and I have found the coagulation time markedly pro-
longed during shock 1induced experimentally by various means

Whipple and Cooke attributed the incoagulabihity of the blood
in shock from mjection of proteose, to an excess of antithrombin
Howell likewise attributes the retarded coagulation of the blood,
during anaphylaxis and after injections of peptone or of histamine,
to an excessive discharge of heparn (antithrombin) from the hiver
Probably the same mechanism causes the low coagulability of the
blood during shock from other causes

A marked decrease in the reserve alkalimty of the blood has
been found by those who have made tests for this condition, both
1n experimental and in chnical shock Cannon stated, “It 1s well
proved that in the absence of an adequate oxygen supply, the
lactic acid which accompanies muscular contraction, for example,
1s not burned to CO, and water The hberation of such aad
would produce the effects which have been observed—a demon-
strable increase of lactates in the blood and a diminution of sodium
bicarbonate ” The CO, combining power of the plasma decreases
progressively as shock develops from various causes However,
efforts to neutralize the lactic acid and to increase the alkahnity
by mtroducing sodium bicarbonate solution intravenously have
not been effective 1n relieving the condition The development of
anoxemua and 1ts grave effects m this condition are discussed in
Chapter IV

A decrease 1n the plasma ratio of albumin to globuln develops

when shock does not lead to death immediately The amount of
the decrease 1s vanable, 1t sometimes 1s so marked as to reverse
the A.G ratio quantitatively This has been noted 1n shock from
burns, severe infections, intoxications, anaphylaxis and from other
causes This change apparently 1s due to a decrease in the albumin
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have resulted from infection Brodin and Saint Girons reported
exactly similar observations On the other hand, when shock 1s
severe the number of leukocytes drops below normal Crile, also
Mann, reported a decreased leukocytic count as a feature of
experimental shock We have had occasion to corroborate this
finding In shock produced by various means 1n dogs, the leuko-
cytic counts dropped to between 2000 and 4000 as the condition
progressed toward death

Early writers noted that the blood was dark, thick and that 1t
did not clot readily after burns or during severe intoxications or
mfections Poprelski cited an instance in which the blood remained
unclotted for sixty-four hours after experimental shock My
assoclates and I have found the coagulation time markedly pro-
longed during shock induced experimentally by vanous means

Whipple and Cooke attributed the mcoagulability of the blood
1in shock from 1njection of proteose, to an excess of antithrombin
Howell hikewise attributes the retarded coagulation of the blood,
dunng anaphylaxis and after injections of peptone or of histamine,
to an excessive discharge of heparin (antithrombin) from the Liver
Probably the same mechamsm causes the low coagulability of the
blood during shock from other causes

A marked decrease in the reserve alkalimity of the blood has,
been found by those who have made tests for this condition, both
in experimental and in chnical shock Cannon stated, “It 1s well
proved that in the absence of an adequate oxygen supply, the
lactic acid which accompanies muscular contraction, for example,
15 not burned to CO, and water The hiberation of such aad
would produce the effects which have been observed—a demon-
strable increase of lactates in the blood and a diminution of sodium
bicarbonate ” The CO, combining power of the plasma decreases
progressively as shock develops from various causes However,
efforts to neutralize the lactic acid and to increase the alkahmty
by mtroducing sodium bicarbonate solution intravenously have
not been effective in relieving the condition The development of
anoxemia and 1ts grave effects in this condition are discussed in
Chapter IV

A decrease 1 the plasma ratio of albumm to globulin develops
when shock does not lead to death immediately The amount of
the decrease 1s variable, 1t sometimes 1s so marked as to reverse
the A .G ratio quantitatively This has been noted 1n shock from
burns, severe mfections, intoxications, anaphylaxis and from other
causes This change apparently 1s due to a decrease mn the albumin
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rather than to an increased globuhn content It has been attrib-
uted to the fact that endothe jum becomes permeable 1n varying
degrees  Marked permeability allows the entire plasma to escape
when the permeability is mcreased only mederately, the proteins
having the smaller molecular sze pass through the endothehat
membrane more readily than do the larger molecules Hence
albumin leals out more rapdly under these condittons while the
globulin having larger molecules tends to be retamed

Aub and Cunmingham found that the blood of subjects in shock

\ contamned a subnormal amount of axy gen This change occurred

early, before the blood pressure began to dechne Cannon and
others have reported the same abservation  Many wnters have
commented upon the fact that even the artenal blood sequires &
dark hue 10 sharp contrast to the brght red color of axygenated
blood Freeman and assocstes reported a marked reduction of
the axygen content of the blood after extensive surgical procedures.
Henderson and assocates noted that there is a profound depresston
of the metabolism m shock +The oxygen consumption was reduced
to 45 or 50 per cent of normal and the decrease was progressive
ending m death  Apparently the deficrent supply of oxygen s
directly related to the low metabolism which is a regular feature
of shock  The decreased oxygen content and volume flow of blood
reduce correspondingly all metabolic processes v

The blood chiondes often dechne to about one half the norma!
level when & state of shocl has developed  This has been noted
by numercus observers not only 1n shock resulting from trauma
extensive surgery and bums but glso mddent to high intestinal
obstruction pancreatitis pentomtis and conditions of intoxrea
uon fram diverse causes  Usually a3 i intestinal obstruction
the wiiters did not sense that the shock syndrome was a feature
m the chinical condition “The loss of chlondes was asugned to
the vomiting which accompamed the condition, and 1t was not
recogmzed that the hypochloremia had & more general significance
as part of an unrecognized syndrome. .wamtl) it has been shown
that the concentration of other electrolytes varnies also  The
potassium and magnenium content of the plasma nses and there
are vanations i the ackd radicles as well  Busgard Melntire and
Osheroff noted that the changes 18 the sodum and potassium n
the plasma vaned inversely as the one dechned the other increased
This cbsenation coincides with the effects of increased cellular
permeability as discussed on pp. 35-38

The blood sugar 15 moderately above the nommal level  This
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have resulted from infection Brodin and Saint Girons reported
exactly similar observations On the other hand, when shock 1s
severe the number of leukocytes drops below normal Crile, also
Mann, reported a decreased leukocytic count as a feature of
experimental shock We have had occasion to corroborate this
finding In shock produced by various means in dogs, the leuko-
cytic counts dropped to between 2000 and 4000 as the condition
progressed toward death

Early wnters noted that the blood was dark, thick and that 1t
did not clot readily after burns or during severe intoxications or
infections Popielsk: cited an instance in which the blood remained
unclotted for sixty-four hours after experimental shock My
associates and I have found the coagulation time markedly pro-
longed durnng shock induced experimentally by various means

Whipple and Cooke attributed the incoagulability of the blood
in shock from injection of proteose, to an excess of antithrombin
Howell likewise attnibutes the retarded coagulation of the blood,
during anaphylaxs and after injections of peptone or of histamine,
to an excessive discharge of heparin (antithrombin) from the hver
Probably the same mechanism causes the low coagulabihity of the
blood during shock from other causes

A marked decrease m the reserve alkalimty of the blood has
been found by those who have made tests for this condition, both
in experimental and 1n chnical shock Cannon stated, “It 1s well
proved that in the absence of an adequate oxygen supply, the
lactic acid which accompanies muscular contraction, for example,
1s not burned to CO, and water The liberation of such aad
would produce the effects which have been observed —a demon-
strable increase of lactates 1n the blood and a diminution of sodium
bicarbonate ”” The CO, combining power of the plasma decreases
progressively as shock develops from various causes However,
efforts to neutralize the lactic acid and to increase the alkahmty
by introducing sodium bicarbonate solution intravenously have
not been effective in relieving the condition The development of
anoxemia and 1ts grave effects 1n this condition are discussed 1
Chapter IV

A decrease 1n the plasma ratio of albumin to globulin develops
when shock does not lead to death immediately The amount of
the decrease 1s variable, 1t sometimes 1s so marked as to reverse
the A.G ratio quantitatively This has been noted in shock from
burns, severe infections, intoxications, anaphylaxis and from other
causes This change apparently 1s due to a decrease 1n the albumin
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rather than to an mcreased globubn content It has been attnb-
uted to the fact that endothe ium becames permeable 1n varying
degrees  Marked permenbility allows the entire plasma to escape,
when the permeabflity Is increased only moderately, the proteins
having the smaller molecular size pass through the endothchal
membrane more readily than do the larger molecules Hence
alburun lesks out more rapidly under these conditions while the
globulin, having larger molecules, tends to be retained

Aub and Cunningham found that the blood of subjects m shock

\contamed 2 subnormal amount of axygen This change occurred
early before the blood pressure began to decline  Cannon and
others have reported the same observation Many wnters have
commented upon the fact that even the artenal blood acquires a
dark hue 1n sharp contrast to the bnght red color of oxygenated
blood Freeman and assocsates reported 2 marked reduction of
the oxygen content of the blood after extensive surgick! procedures
Henderson and associates noted that there is a profound depression
of the metabolism in shock The oxvgen consumptron was reduced
to 45 or 50 per ceat of normal and the decrease was progressive
ending in death Apparently the deficient supply of oxvgen 1
directly related to the low metabolism which 15 & regular feature
of shock  The decreased oxygen content and volume fiow of blood
reduce correspondingly all metabolic processes «

The blood chlondes often dechine {o about one-half the normal
tevel when a state of shock has developed  Ths has been noted
by numerous observers, not only 1n shock resulting from trauma,
extenmve surgery and burns, but also ;madent to high ntestinal
obstruction pancreatitis pentomtis and conditions of mtoxea
tion from diverse causes. Usually, as in intestinal obstruction,
the writers did not sense that the shock syndrome was & feature
tn the chnical condition ~The Joss of chiondes was asugned to
the vomiting which accompanied the condition and 1t was not
recogmized that the hypochloremia had & more general mgrificance
as part of an unrecogmzed syndrome. ./Rece:utly 1t s been shown
that the concentration of other electrulytes vanes also  The
potassum and magnesum content of the plasma nses and there
are vanstions in the acid mdicles as well  Busgard McIntre and
Osherofl noted that the changes in the sodium and potassium 1n
the plasma varied inversely as the one dechined the other increased
This observation coincides with the effecta of increased cellular
permeability as diseussed on pp 35-387

The blood sugar is moderatels above the normal level This
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has been explamed as the result of increased mobilization of
glucose from the liver, mcdent to increased activity of the
sympatho-adrenal system The mechamism which tends to com-
pensate crculatory deficiency causes an increased discharge of
epinephnin nto the circulation The mobilization of glucose 1s
one of the physiologic effects of epinephnn Low metabolism
resulting from decreased oxidation also tends to cause an accumu-
lation of glucose in the blood (Aub and Wu)

The consumption of oxygen, the basal metabolic rate, declines

[progresswely during chnical and expermmental shock Aub found
that the basal metabohc rate returned promptly to normal when
recovery resulted from transfusions of blood -

Flow of Lymph.—Many substances, when given by injection,
will produce shock 1n experimental amimals Examples of these
are peptone, extracts of shell-fish and of other marine animals,
extracts of liver and of other tissues, bile and cholic salts, tuberculin
and other bacterial substances, foreign protemns mn sensitized
animals, histamine and the hke The effect of these substances
upon the arculation by causing damage to endothelium and the
mcreased flow of lymph which results, were discussed 1n Chapter I
Circulatory failure caused directly by anoxa, as 1n dsphyxia and
in CO poisoning, 1s hkewise accompamed by an increased flow of
lymph The same occurs also during anaphylaxis (Drinker and
Field, pp 149-159)

Mann (1914) observed an increase mn the flow of lymph from
the thoracic duct beginning at the onset of shock Eppinger noted
an increase both 1n the volume of lymph and in its protein content
during shock produced by injections of histamine and of peptone
On the other hand, hemorrhages promptly reduced the flow of
lymph and 1ts protein content to about one-third of that recorded
before the hemorrhage Maurer cannulated the cervical lymph
vessels of 9 dogs and then limited their respiratory oxygen In
each, the flow of lymph was increased in volumes ranging from
12 to 48 times the normal The passage of protemn from the
blood capillares to the lymph, calculated in mlhgrams per minute,
increased correspondingly  Acacta injected intravenously regu-
larly appeared in the lymph These observations were believed
to indicate that low blood oxygen and increased CO, result m
increased capillary permeability with loss of flud and protein from
the circulating blood McCarrell and Drinker cannulated the
cervical lymph vessels and then maintamed the blood pressures
between 40 and 60 mm Hg by injections of small amounts of
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listamme  “A few minutes after the onset of the low artenal
presure the cervical lymph flow increased, and pesks were
quickly reached that were 11 to 49 times the normal level
The percentage of protein 1n the lymph decreased but the flow was
50 voluminous that the protem in milligrams per minute was
markedly Increased

In one group of 3 dogs we cannulated the thoracic duct and
then induced shock by implanting muscle pulp into the pentoneal
cavity (seepp 122-127) Soon the rate of lymph flow increesed and
within ninety minutes hemoconcentration was noted. These
effects progressed 1n degree and the concentration of the blood
continued until death, which occurred eght to ten hours later
As the dogs became moribund the rate of lymph flow dechined
The lymph at first was grayish m color then yellowish pink, then
bright red from a progressive increase in 1ts content of erythrocytes
The readiness with which the Jymph formed clots indicated an
ncreased content of fibnnogen

Summary —The use of the terms hemoconcemtralion or anky
dremia 18 recommended to denote loss of flud from the blood To
avord confumon, the term dekydration should be used only as
referring to a decrensed fluld content of the tissues

The signs which indicate the fully developed chmeal syndrome
of shock are too well known to justify repetttion ‘That syndrome
18 accompamed by a group of charactenstic deviations from normal
pl/rg;gologc conditions

¢ blood pressure often mses and 1t 18 well mamntained dunng

the early stages of shock a progressive decline occurning 1n the
later stage indicates failure of the mechamsm of compensation
and the imminence of death The pulse pressure usually 15
reduced, perhaps because of decreased penpheral remistance to
blood flow A low venous pressure usuelly precedes the dechine
m artenel pressure

Both the actual and the effective blood volume is reduced and
the degree of this reduction 18 proportionate to the degree of the
arculatory defiaency

The volume flow of blood through penpheral parta 15 markedly
reduced long before an ominous decline in the arterial pressure
occurs. A decrense in the venous return flow decreases correspond
ngly the cardiac output. Thus is counteracted by maxmal vaso-
constnction but the latter reduces markedly the volume flow of
blood 1n the tissues

An;ncrmscd flow of lymph occurs early and apparently 1s due
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to abnormal endothehal permeability Obwiously this 1s related
to disturbed fluid balance

Hemoconcentration occurs early and tends to progress m a
degree corresponding to the degree of shock Hemoconcentration
mndicates abnormal permeability of endothelium and the con-
sequent disturbance of fluid balance

Leukocytosis 1n early stages 1s followed by leukopema as the
arculation becomes neffective A marked decrease in the coagu-
labihity of the blood occurs 1n shock resulting from various causes

The oxygen content of the blood declines and the basal metabolic
rate 1s reduced both by the low oxygen content and by the de-
creased volume flow of blood through the tissues There 1s an
increase 1n the blood glucose, due partly to the low metabolism
and partly to an increased mobihzation from the glycogen m the
Liver

There 1s a progressive decline 1n the reserve alkalimty of the
blood Several authors attribute this to deficient oxygenation
/Changes 1n the electrolytic concentrations of the blood include
low chlonide, sodium and carbonate content and an increase n
potassium, magnesium and 1n the lactic, phosphoric and sulphuric
acid radicles The mechanism of these changes 1s explained under
cell permeabilaty m the following chapter -



CHAPTER 111

OTHER CHARACTERISTICS DEFINITION

A NUMBER of items m the pathologic physiology of shock have
been discussed Most of these have been descrmbed and thew
occurrence verfied repeatedly by others Two additional features
have not been analyzed as related to shock although they have
been observed by previous writers For this reason and because
of therr fundamental unportance i that syndrome, they ment
detailed consderation

CELL PERMEABILITY

In the discussion on flutd balance 1t was said that hving tissues
present three “compartments” or “phases” —vascular, mtershtial
and mtra-cellular—and that the chemical composition of the
fluds m them differs markedly These differences pertain te
protemns electrolytes and water The mamntenance of the normal
difference between the blood and the tissue flud 15 a function of
endothelium consequently abnormal permeability of capillary
walls disturbs osmoms and flmd balance. Cytoplasmic fluld differs
markedly from intersntial flmd m 1ts content of protein and elec
trolytes The mamntenance of this differental 18 & function of
living protoplasm hence vanations iz this function of Living cells
will create disturbances of electrolytic equilibrium with resulting
chermeal vanations 1n the extra-cellular fiinds

Students of cell physiology (Lucké and McCutcheon for review)
have shown that the outer protoplasmc surface of ach Yiving cell
functions as & sempermeable membrane and that, by wirtue of
this each cell behaves as an cxmotic umt. Also that transfer of
water between the cell and the extra—cellular flud depends chuefly
on differences 1n oxmotic pressure m accordance with the laws of
osmoes and diffuson  Eppinger stated that poisons which cause
capillary permesbility also affect deleteriously the permeability
of the cells. Almost immediately there are vanations in the normal
chemical differences between the tissues and the blood as an inter
change of anions and kations occurs. He believed this indicated
that the cells had lost something of their vital function and that
they were approachung death The seventy of the injury deter-
mined whether the cells may recover It 1s known that tissue

(35)
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anoxia will produce a similar varation from normal 1onic con-
centrations

Some property possessed by living protoplasm maintains chemi-
cal concentrations within the cell, differing markedly from those
of the external flud This property 1s reduced by any kind of
mjury to the cell and 1s lost entirely as the cell dies Loss of this
property allows substances to pass freely from the region of higher
concentrations to that of the lower, thus equalizing the differences
1 composition between the intra- and extra-cellular fluids (see
Fig 2) '

NORMAL
Cellular Fluid Extra-Cellular Fluid
K, Mg, Ca K, Mg, Ca
—HPO,, —S0, —HPO,, —~S0;

Na, —Cl,—HCO; <" Na, —Cl, —HCO,

INJURY TOQ CELLS

—~—
———
Results
K, Mg, Ca, Na K, Mg, Ca, Na
~—HPO,,—S0, §{ —— ( —HPO,, —S0,
—Cl,—HCO, ~Cl,—HCO;4

F16 2 —The upper part of this diagram shows important differences 1n the
electrolytic concentrations between the cellular and extra-cellular fluuds Injury
to the cells disturbs electrolytic balance, allowing the 1ons to move from the
regions of the higher to those of the lower concentrations This process causes
characteristic chemical alterations in the blood and 1n the tissues

It has been shown (Gamble) that cytoplasm contains a higher
concentration of potasstum, calcum and magnesium bases, and
of the —S0; and —HPO; acid radicles, while the interstitig]l flud
1s higher mn sodium and 1y the —Cl and —HCO; 1ons ¥ Many
authors have noted, and Scudder has emphasized this point, that
the plasma and interstitial fluids lose sodium, chlondes and car-
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bonates and gan mn potaswum, calaum and magnesium during
the devclopment of shock. These changes indicate that cell
surfaces have become permeable and that normal differences n
composition are no longer mantaned  Scudder suggested that
the high potassum content of the extra-cellular fluds camuses
injury to the cells and hence contnbutes to the development of
shock. However he stated “an increase in the speafic gravity of
the penipheral bload preceded by hours, in some mstances by days,
the ultimate hyperpotassemia ” Hence it appears more probable
that the cellular mjury 18 ke effect of the shock produang agent,
with resulting shifts 1n 10mc concentrations as described The
fact that hemoconcentration occurs early, and the chemical
changes later, supports the view that the latter are effects rather
than causes.v’

The ratio of celtular to extracellular potassiumn 1s about 20
The extra-cellular flmds have been estimated as 15 per cent of
the body weight A smumple computation, on the baas of these
figures, indicates that complete equalization mn the 1omc con
centrations would result in raising the potassium content of the
extra-cellular fluds to approximately 18 times 1ts normal level
None of the published data, on chexmcal alterations i the blood
dunng shock, have shown such a high potassium content as this
It 15 evident that this maximal level could only be reached by
complele equalization of the chemical concentrations, which con
dition probably would occur at or after death  Cellular injury tends
to allow equahzation 1n the concentration of other 1ons as well.

It 18 recalled that any type of injury to endothelum, no matter
how 1t 1s produced, increases 1ts permeability to such a degree that
even colloids escape through the endothelml membrane Thus
abnormal endothelial permenbilty disturbs senously the mech
amsm of flud balance, as discussed 1n the preceding chapter
Likewmse an}' type of injury to cells increases the permenbility of
their walls. “The same agents which disturb the crculation and
the mechanism of water balance by injuring the endothehum may
likewise disturb vital chemical concentrations by increasing
cellular permeability  The former effect results 1n shock accom
panied by hemoconcentration, the latter effects account for several
of the accompanying alterfhions m the composition of the blood
pleama and tissue flwds.v

Chetnical changes are highly significant as related to cellular
njury and many wnters have emphaszed the gravity of kypo
ckloremia as n comphcation in vanous chmical disorders, It
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appears that the full sigmificance of this condition has not been
comprehended, though the seriousness of the disturbed physiology
1s unquestionable The movement of sodium chloride from the
blood 1nto the tissues 1s associated with that of other ions, both
acd and basic, in the opposite direction It seems probable that
increased cellular permeabihity, which allows such shifts to occur,
1s the underlying cause and that the hypochloremia and other
associated chemical variations are results These shifts m 1onic
concentrations are of grave mmportance because they indicate
serious mjury to tissue cells

DISTURBANCE OF RENAL FUNCTION

Few features of shock have deserved more and received less
attention than has this Early climcal descriptions of the symp-
toms relate that the urine 1s scanty or suppressed, that 1t 1s con-
centrated, dark in color, has a high specific gravity and contains
various abnormal chemical and morphologic constituents These
observations have been repeated consistently until the present
time, yet their ongin and significance have not been explained,
neither have they led to penetrating investigations

Likewise examinations of the blood have consistently shown
evidence of renal excretory deficiency as an aftermath of surgical
operations, trauma, burns, intestinal obstruction and of other
conditions leading to shock Yet observers have been so intent
in seeking the cause of the circulatory deficiency that they have
done Little more than record the fact that excretion of mitrogenous
wastes 1s seriously impaired

An 1increase i the non-protemn nitrogen of the blood 1s an
outstanding feature m shock from various causes This was
reported m traumatic shock (Duval and Grigaut, Cannon), in
experimental shock (Aub and Wu, Beard and Blalock), in anaphy-
lactic shock (Jobling and Petersen, Wells, Segall), after burns
(Underhill, Davidson, Wilson), mn ntestinal obstruction (Whipple
and associates, Draper, McVicar, Guest and Andrus, Scudder),
after mjections of histamine (Hashimoto), 1n peptone and proteose
poisoning (Whipple and Van Slyke), 1n intoxications and infections
(Cooke and Whipple), mn acute adrenal cortical insufficiency
(Banting and Gairns, Rogoff and Stewart, Swingle and associates)
and 1n x-ray sickness (Hall, Whipple, Warren)

Beginning about twenty-five years ago, Whipple and his asso-
cates (Stone, Bernheim, Cooke, Rodenbaugh, Foster, Hall, Van
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Shyke, Smith Belt, Warren) produced fatal shock -like circulatory
disturbances i dogs and noted several highly slgnificant phymo-
logc disturbances. These occurred after vanous types of mtestmal
obstruction, after myections of proteoses, sublethal patsomung with
phosphorus, with chloroform and with hydrazine, extensive sterile
abscesses, staphylococaic mnfections, pleuntis, pancreatitis and
ather conditions, They noted low blood pressure, hemoconcentra

tion as mdicated by hematocnt readings, and decreased rensl
ehimunation i all such experiments  There was a marked retention
of mtrogen wastes—3 to 10 times the normal level—which they
witerpreted as resulting from severe inury to tissue cells. Th

rapid piling up of mitrogen in the blood suggested a raprd break:

down of protemn substances end retarded renal ehmunation  “Th

animals will die 1n twenty four to thirty-ux hours in a character

istic condition of surgical shock ”

Whipple and Van Slyke (1918} noticed an mcrease of 40 per
cent or more n the non protein mtrogen of the blood of dogs after
injections of proteases  Thr incrense consmsted cluefly of ures
but included anmo and peptid mtrogen as well  To them this
indiated abnormally rapid ruto-digestion of the tissue pratems.
As 1n previous studies, a marked concentration of the blood, shawn
by hematocnt reedings, accompamed the condition  Later (1925)
Whipple South and Belt produced cellular injury by plasma
pheresis  When the plasma protems were reduced to an abnor
mally Jow level the animals showed sgns like thoss of fatal anaphy
Jaxms They stated that the picture corresponded with that of
surgical shock and with that of fatal wtexication by intestinal
obstruction  The autopsy findings showed umformly the same
pattern later degcnbed for shock (see Chapter X1) and the authors
commented on the smilanty of thewr resujts to those of Erfanger
and assoctates sn shock produced by other means 7The non
protean mtrogen was sharply elevated in all such cases—a feature
previously noted by them i experiments on intestinal obstruction
They concluded * this 1s further evidence for actual cell injury as
an essential part of the chnieal complex named ‘shock’ *'

Duval and Grgsut (1918) noted an increase in the non-proten
mtrogen and i the residual mitrogen 1 the blood of severely
wounded soldiers. This seemed proportionate to the degree of
shock rather than to the seventy of the wounds Richet and
Flament in the same veer reported on defiaent renal function
under the same conditions

Reimann and Hartman (1919) made chemical atudies of the
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blood before and after surgical operations in about 90 unselected
cases The blood urea and non-protemn nitrogen were mcreased
mn every case This indicated either retention or increased pro-
duction of mtrogenous wastes Aub and Wu (1920) found the
urea and creatin sharply elevated as shock developed “The
marked nise 1n creatin 1s direct evidence of the presence 1n the
blood of products of muscle necrosis and 1s therefore suggestive
evidence of the theory of the chemical cause of traumatic shock ”

Peters and Van Slyke state that serious grades of azotermia
occur 1 the first five days after extensive surgical operations n
patients having no evidence of renal disease ‘It 1s probable that
toxic destruction of protemn, resulting from trauma, shock, and
the conditions which compelled the operation together with dehy-
dration were responsible ”

Derow’s discussion of this syndrome substantiates those pre-
viously mentioned He noted marked oliguria in the first few
days after major surgical procedures The urine was concentrated
and 1ts speafic gravity was,above normal, while the non-protem
nitrogen of the blood was sharply elevated ‘“In many of these
patients circulatory collapse may play a major réle in
the genesis of the oliguria and the resulting azotemia  Post-
operative rises in the blood non-protein nitrogen attrbuted to
general anesthesia are more probably due to toxic destruction of
proten resulting from trauma, shock and the condition which
required operation ” Lurje’s report 1s of the same character, he
found a high non-protem nitrogen after operation in 8 cases n
which signs of shock developed This lasted until the period of
shock was over mn those who recovered

Lambret and Dressens made an extended report and analysis
of this feature, combmning experimental data with observations
before and after various surgical procedures They described a
complex tissue-fluid syndrome charactenized by the following
distinctive features oligemia, preceded by transient hypertension
and followed by moderate hypotension, a marked decrease in the
reserve alkalimity, hypochlorema, hyperazotemia, increase in
platelets, hyperglycemia, leukocytosis and mononucleoss, and
accelerated sedimentation rate

The hyperazotemia was regarded as a most important 1tem 1n
this postoperative syndrome There was a rapid increase mn the
urea and 1 “toxic polypeptids” This elevation was varnable
but often amounted to 5 times the normal Mild degrees of this
subsided 1n twenty-four to thirty-six hours, some persisted for
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several days and others progressed, reaching 250 to 330 mg per cent

The authors explained this high level of mtrogenous wastes as
the result of parenteral digestion of damaged tissue The entire
postoperative syndrome depended on several factors metabohsm,
anesthesia, neurologic and vascular disturbances, oligemia, con
tusons and cellular destruction They regarded tissue trauma
as the most important, and the other factors as mmor In their
opimion  trauma followed by resorption of products of tissue
digestion 18 & factor relating the postoperative syndrome to trau
matic shock, the effects of burns, destruction of tissues by « ray,
and the like

Changes of the same type regularly occur after extensive burns
of the skin  Robertson and Boyd reported an mcrease of from
40 to 50 per cent 1n the blood non protemn mitrogen of rabbits
after burns. Moorhead and Kilhan found an elevation of the non
protein mtrogen and an unusually high amino-nitrogen in severely
burned patients Pack stated that the erythrocytic count increased
by 2 to 4 million and that alburmn appears in the urme almost
immediately after severe burns  The urtne 15 decreased n a.mount,}
amoky m color and has a ligh speaific gravity He assigned the
retention of nitrogenous wastes and the oliguna to impaired renal
function and to the fact that concentrated blood has insufficent
flud to exert a hydremic stunulus on any kidney Also the
ammomnia mtrogen was mcreased and acetonuna occurred fre
quently about the third day The sodium chlonde of the blood
vaned mversely with the hemoglobm content, 1t was lowest m
cases wmth the highest hemoconcentration  Wilson and his asso-
cates confirmed the abnormel urmary finding previously men
tioned both m a large senes of chmcal cases and n experimental
burnsin cats  The urea and the non protein mitrogen were sharply
increased both 1n the serum and m the whole blood. The hterature
on burns contains numerous similar reports on retention of wastes
and abnormal unnary findings after burns. Lam has reviewed
the reports which have appeared recently concerning the chemical
pathology of burns He states that unnary changes have not
received adequate attention.  Olhguna, high speafic gravity and
albuminuna occur almost regularly Ketonuria, hemoglobnura}
and bihrubinura are evidence of the excess of those substances in|
the blood

Some stnking observations on renal defiaency associated with
shock are found 1n recent reports on ‘ crush njunes seen as air
raid casualties in London (Bywater, Beall Belsey and MMiles)
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Many victims of bomb explosions were pinioned by limbs, caught
i débns of wrecked houses, and were not released for many
hours The first report 1s based on 4 cases, their condition on
being rescued was apparently good except for swelling and con-
tusions of the hmb and an elevated hemoglobin content of the
blood Later they mamfested pallor, sweating, coldness and a
dechne 1n the arterial blood pressure This was restored and
maintamned by transfusions of plasma, serum or blood “Signs of
renal damage soon appear and progress even though the crushed
hmb be amputated The urnary output mtially small, owing
perhaps to the seventy of the shock, dimimishes further The
urine contams albumin and many dark brown or black granular
casts” In some there were hyahne casts, red cell casts and
erythrocytes Thirst and vomiting were incessant but the blood
pressure was shghtly elevated The blood urea and potassium
became steadily higher and death occurred within a week

Complete necropsy data were not published Necrosis of
muscles was found 1n the areas crushed, some hquefaction was
seen microscopically The kidneys were enlarged, they showed
severe degeneration of the proximal convoluted tubules, des-
quamated epithehal cells and darkly pigmented casts The
glomeruli were not visibly abnormal but the capsular spaces con-
tained albuminous material The authors commented that the
course of events and the postmortem findings were like those
resulting from transfusion with incompatible blood, but the
patients had been benefited by the transfusions and had shown
no untoward reactions The authors noted that necrosis of muscles
was the one factor in common in these cases

When shock leads to death promptly, evidences of renal defici-
ency are not prominent, although oliguria 1s apparent and examina-
tion of the blood indicates the retention of mitrogenous wastes
But when death 1s delayed several days, the renal functional
deficiency 1s cumulative and may produce manifestions of uremia
This feature 1s exemplified and discussed as extrarenal uremia 1

Chapter XV
DEFINITION OF SHOCK

Perhaps a majonity of those who have written on shock have
tried to define 1it, certainly numerous attempts are on record
The defimitions proposed are of two general forms those n
which the author incorporated some theory of origin nto the
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definition, and those based upon chimical signs. Some represent
combinations of these forms. A few illustrative examples follow
Shock 13

A speaes of functional concussion by which the mfluence
of the bran over the orgen of arculation is deranged or
suspended (Travers, 1826)

A depression of the wital powers, induced suddenly by
external injury and essenhally dependent on loss of inner
vation (Gross, 1872)

A sudden check to the arculation brought about through
the agency of the nervous system (dansell Moullin, 1882)

A lasnitude or relaxation of the spinal marrow and of the
medulle oblongata, produced by violence (Crile, 1899)

A condition produced by exhaustion of the vasomotor
centers and the resultmg great fall 1 biood pressure
(Mummery, 1905)

The result of the depresmive eflects of traumatic toxemia
(Quénu, 1918)

The collapse of the curculation from overstimulation of
the sympathetic nervous system (Tomb, 1937)

Anoxerua which 15 the resultant of such factors as
ohgerma lowered blood pressure, dumimished flow of blood
and penpheral vasoconstniction (Davis, 1937)

A state of depression of all the refiex arcs accompanred by
arculatory depression (Devine, 1939)

A progressive vasoconstrictive ohgemic anoxia (Harkans,
1941)

Stnctly speaking, these and others of thewr kind are epitomized
theonies of ongin rather than defimtions. Perhaps the true
function of a defimution 13 not to advance theones concerning the
cause of a phenomenon but rather to state its attnbutes so pre
duly as to differentiate it from other phenomena which 1t may
resemble 1t appears that definitions of the type lustrated do
nat serve this function

Another type of defimtion consmsts s stating one or more of
the outstanding chmcal features manifested by patients A
medical dictionary (Stedman) defines shock as g stale of profound
menfal and physical depression consequenl upon severe phvsical
tyury A standard treatise on surgery (Rose and Carless) defines
1t as q condition of depresston of the tual actitaties of the body, asso~
ciated outh a marked and progressire fall in blood pressure resulling
Jrom injuries  These statements are too bnef to distinguish the
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condition from others, and they himit mcorrectly 1ts occurrence
to the effects of injuries
Cannon avoided the difficulty of defining shock by giving two
excellent chinical descriptions of patients in that condition Several
defimtions based upon a combination of chmnical features might
be quoted, Blalock’s definition (1927) 1s cited as an example rep-
resentative of these Shock 1s used to denote a condrtron of acute
curculatory farlure characterized by prosiration, apatly or stupor,
tachycardia with feeble regular pulse and, 1n many nstances, dimin-
1shed blood pressure  The lemperature of the body 1s often sub-
normal  Pallor and shight cyanosis are usually present
It seems that definitions of this type approached their goal more
closely, but chnical signs alone may not differentiate shock from
other conditions For example, syncope, fright, hemorrhage,
physical exhaustion, anesthesia, primary shock, cardiac failure
and crculatory deficiency from diverse causes may produce a
condition corresponding closely to the definitions given
It was thought that the existing confusion might be cleared
somewhat 1f a definable entity could be segregated from the hetero-
geneous conditions which resemble shock Accordingly the accom-
panying physiologic disturbances were considered thoughtfully and
a group of them was selected and proposed (1936) as a definition
Shock 1s a corculatory deficiency, not cardiac nor vasomotor wn orrgin,
characterized by decreased blood volume, decreased cardiac output
(reduced volume flow) and by hemoconcentration If amended
accordance with suggestions and criticisms received subsequently
from others, this might read Shock 1s a circulatory deficrency of
peripheral origin, characterized by decreased blood volume, decreased
cardrac output, reduced volume flow, and by progressive hemocon-
centratrton That statement seems to embody the same essentials
and perhaps some will prefer 1t
Since proposing the first defimtion we have continued to
examine this complex phenomenon, and our view of it now 1s
perhaps more comprehensive If this view should be embodied
i a definition, 1t would read
Shock 1s a disturbance of flurd balance resulting wn a peripheral
| corculatory deficrency which 1s manifested by a decreased volume of
' blood, reduced volume flow, hemoconcentratron, and by renal functronal
' deficrency
This disturbance of flud balance may orngmate from sundry
and diverse causes, as will appear in the discussions which follow,
but each of them effects, either primanly or secondarly, the
permeability of endothelium



CHAPTER 1V
ANOXJIA AS RELATED TO SHOCK

A THovGHTIUL consideration of the vascular dynamics of shock
indicates that two mejor factors operate to produce 1t Oue of
these, endothelsal damage, has been discussed It was shown that
vanous 1njurious agents may cause atony of the capillanes and
thercby create o dispanty between the volume of blood and the
volume capacty of the vascular bed also that abnormal per
meability of endothelum disturbs flud balance, allows leakage of
flud into the tissues causes hemoconcentration and reduces the
blood volume These effects result in a decreased volume flow
of bloed 1n systemue areas  The latter tends toward a arculatory
definency which, if sufficent in degree, reduces the delivery of
oxygen to the tissues

Lack of oxygen—anoxig—is the second major factor 1 the
mechaniem of shock “Anama 1s of the tughest importance, not
only hecause it reduces metabolism and other vital activities but
also because lack of oxygen damages endothelinm and ncreases 1is
permeability  As Heldane expressed it, this not only stops the
machine 1t wrecks the machinery v

Landis found that, after obstructing the blood supply to an
area of tissue for only three mnutes, the capillary endothehum
in that ares became 4 times as permeeble as normally Erlanger
and associates reported that tissues showed capillary engorgement
like that of acute mflammation, after the release of a temporary
artenal obstruction  Reacfive hyperemia resulting from temporary
uchema 1 iving tissues, 15 & well known phenomenon, the
engorgement 1s due chiefly to lack of oxygen causing dilatation of
all caprllary channels in the area of tissue affected  When arcula
tion has been reéstablished and the oxygen deficit has been repad,
the capillanes may regan therr tonus and the hyperemia subsides
Obstruction of the venous arculation has a similar effect The
pasmve hyperemia which results from a tourniquet apphied about
a limb mvolves the capillanes as well as the venous channels

! The term anoria bterally means complete lack or absence of oxypen. In
thew chapters, the term 1w employed 1 a relative mather than hteral sense.

vaﬂtymtojmﬂfymcmdemwmddmatmgud«vqumucw
supply belote physiadoric bimsits
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The obstructed circulation hmits the oxygen supply and creates
a deficit If anoxia from passive congestion 1s sufficiently pro-
longed and of marked degree, the endothelum becomes abnormally
permeable and edema develops 1n the tissues Krogh showed that
all the capillanes 1n an area of tissue temporarily deprived of
blood, became dilated, permeable to the plasma and densely packed
with corpuscles After fifteen minutes deprivation of oxygen, the
condition of stasis became irreversible It was not relieved by
reestablishing the artenal circulation From these examples one
may deduce what a grave systemic circulatory disturbance may
develop 1if extensive wvisceral areas should be depnived of an
adequate supply of oxygen

A circulatory deficiency, having all the clinical and physiologic
features of shock, may be produced by limiting the distribution
of arterial blood either systemically or locally Instances of this
will be described

Shock by Anoxia —The first experiments of this kind of which
I have found record, were those of Janeway and Jackson They
placed a loop of cord about the vena cava and, by exerting traction,
retarded the crculation by reducing the venous flow until the
artenal pressure dechned to 30 or 40 mm Hg After two hours
the loop was released and the circulation reestablhished Shock
developed following the release of the obstruction in these dogs

Erlanger and associates repeated the experiment of Janeway
and Jackson with hke results In other experiments, they retarded
the arterial arculation by placing an adjustable clamp on the
abdominal aorta After mamntaimng a low arterial pressure of
about 50 mm Hg for two or three hours, the clamp was removed
Shock developed 1 these dogs after the reestablishment of the
circulation  This procedure did not involve 1 any way the blood
supply to the bram, cord, heart or vasomotor apparatus, hence
the results cannot be explained as orginating 1n eirther of those
structures These authors were among the very few who recorded
postmortem observations after thewr experrments They noted
marked engorgement of the veins and capillares, stasis, petechial
hemorrhages, transudation of plasma and other visceral changes
exactly like those which my associates and I later descnbed as
the pathologic changes charactenstic of shock

They noted also that the venous pressure and plasma volume
declined There was a Joss of total blood volume, ranging from
30 to 50 per cent, accompanied by increased concentration of the
blood They explaned this as the result of stasis of blood mn the
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capillanes m the viscera, with increased permeability of the
capllanes allowing transudation of the plasma into the tissue
These features were noted visibly during the development

of shock before & decline 1n the blood pressure occurred  These
authors came remarhably near to an accurate solution of the
mystery of shock  Their investigations lacked only & comprehen
mon of the capillary reactions entailed and of the mgmificance of
the accompanymg pathologic features No enticism 18 1mphied
by this statement, for the major principles of capilary physiology
have been established subsequent to therr reports.  Being physi
ologsts they were hesitant, perhaps unduly, to advance mter
pretations of the abnormal morphologic features which they
described 8o accurately

Mann produced arculatory obstruction by & different techmgue
He placed a ligature about the veins and lymph vessels leading
from the dog’s hmbs, but did not hgate the arteries  This pro-
duced complete passive congestion and stams of bloed 1n the areas
invalved After varying periods of time the ligatures were removed
and the arculation redstabhished Varying degrees of shock
developed and death resulted if the stamis was allowed to con
tinue long  “The results following the release of the higature are
due to damage to the tissues in the nvolved areas and the passage
of toxic products from the injured tissues wto the general arcula-
tion  Obviously the demsage resolted from anoxa since no
mechanical trauma was done

Cannon and Cattell arranged & mechanical device by which
varying degrees of hydrostatic pressure could be exerted on the
outnde of the heart This enabled them to hout the cardiac out
put by limiting 1ts diastolic ntake and thereby to bnng the
arterial pressure down to any desired level This impediment to
the arculation decreased the delvery of oxvgen to the entire
system  When pressures below 80 mm Hg had been maintained
for some time the pressure continued to dechine without further

Allen obstructed the circulation to the limbs of ammals by
placing & rubber tourniquet tightly about the hmb  No systemic
disturbances developed so long as the tourmiquet was in place
After several hours obstruction, the removal of the tourmquet
was followed by shoch which progressed regularly to u fata)
termingtion  These exper ments were essentially like those of

Mann except that in these no surgical procedures and no anesthesia
were used
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The evidence cited indicates that mechanical retardation of the
circulation, 1f sufficient to interfere seriously with the delivery of
oxygen, will cause shock When anoxa affects the entire system,
or a large part of 1t, the direct effect of 1t upon the capillaries
creates a arculatory disturbance The sequestration of blood m
the engorged capillary stream bed reduces the return flow of
venous blood to the heart, causing a low volume output Per-
meability of the capillaries allows leakages of plasma nto the
tissue spaces, reducing the blood volume and causing hemo-
concentration In some of the experiments described, it appeared
that products of abnormal cellular metabohism, due to anoa,
affected the systemic circulation when admutted to 1t

Epinephrin Shock.—A number of workers have found that the
maximum or prolonged effects of epinephrin will produce shock
indistinguishable from that resulting from other causes Bain-
bnidge and Trevan found that the slow mnjection of epinephrin
mto anesthetized dogs produced a state of shock Hemoglobin
and hematocrit readings showed concentration of the blood and
loss of plasma volume In one instance the hemoglobin percentage
rose from 95 to 129, accompanied by an increase in the viscosity
of the blood from 68 to 91 There was an increased flow of
lymph from the thoracic duct and the arterial blood pressure
dechined They found no difference between these effects of
epmephrin and those of histamine upon the circulation

Erlanger and associates produced shock i dogs by repeated
mn)ections of epmephrin 1n large doses The results corroborated
those of Bamnbridge and Trevan There were progressive loss of
plasma volume and corresponding concentration of the blood,
followed by circulatory deficiency and death Postmortem exami-
nations showed marked capillary and venous congestion m the
viscera, stasis and edema, and numerous petechial hemorrhages
i mucous and serous surfaces They found no points of difference
between shock produced by epmephrin and that produced by
other means Lamson found a marked increase in the number of
erythrocytes i the blood of ammals following injections of
epmephrin  He attnibuted this to capillary permeability with
leakage of plasma into the tissues

It seems probable that the mechanism of epmephnn shock 1s
the same as that from mechanical retardation of the circulation as
described 1n the preceding section Epmephrin i large doses
may produce arterial constriction of such degree and duration that
the tissues suffer lack of oxygen Such anoxia would lead to capil-
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Iary stony, transudation of piasma, loss of blod volume stasis
and hemoconcentration as readily as would apoxa otherwise
produced.

HYPERACTIVITY OF THE SYMPATHO-ADRERAL
SYSTEM

The fact that large doses of epinephnn will cause the complete
syndrome of shock 18 the foundation for the theory that this may
be a pnme factor m shock from supdry causes  Various simuh
such as pamn, fnght or other strong emotions, burns, trauma
anesthesia and the effects of certain drugs, evoke activity of the
sympatho-adrenal system  This 13 evidenced by increased cardiac
action, artenal vasoconstriction and high artenal pressure,
mcreased blood sugar pallor dilated pupils, perspiration and by
other mgns. It is recogmzed that each of these features are present
mn the early stages of shock before evidences of arculatory deficr
ency appear The compensation of any threatened dispanty
between the volume of blood and the volume capacity of the
vascular system 18 accomphshed largely by the physiclogic
responses mentioned

In view of these conmderations, 1t 18 held that Ayperactinty,
accompanied by prolonged maximal artenal constnction, may
cause shock by the same mechanism as large doses of epiephnn
This has becn suggested as the explanation for shock resulting
from wounds acadental injunes abdominal emergenaes, surgical
procedures and bums, Hemorrhage and local transudation of
flud from the blood nto the area of injury arc recogmized as
important contnbutory factors

Freeman snd his assocsates were early proponents of thus
theory It has been supported by Harkins, Davis, Tomb Scudder
and others and has been accepted by many as the long sought
solution of the problem  The theory 15 attractive and 15 in har
mony wath several well established pnnaples  If no invalidating
evidence should appear the processes described would provide a
satisfactary explanation for shock  However a entical exemina
tion of the evidence reveals several points of sceming incompati
bility with known facts

It has not been shown that the quantity of epinephnn necessary
to produce shock could be denved from the anunal s own adrenal
glands within the time limits of the cxpenment.

When men or animals are In mortal combat 1t is probable that
1
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their sympatho-adrenal systems are called into maximal activity
Yet no mstances are reported in which shock developed after pro-
longed combat, 1n the absence of hemorrhage or of serious physical
mjury

One effect of adrenalin 1s to ncrease the coagulability of the
blood while on the other hand, this 1s markedly reduced during
shock Blood from patients or anmals in that condition often
will remain unclotted for hours

If arterial vasoconstriction were an mmportant primary factor
mitiating shock, one would expect that syndrome to develop
occasionally n cases of so-called essential hypertension The
latter condition 1s attributed to excessive artenal vaso-spasm,
resection of sympathetic nerves and gangla 1s sometimes per-
formed for 1ts relief Circulatory disturbances of the shock type
are not recorded as sequele of hypertension

Severe pain or stimulation of sensory nerves calls the sympatho-
adrenal system mmto immediate activity But conditions accom-
panied by prolonged intolerable pain, such as renal or bihary
colic, do not cause shock nor can 1t be produced experimentally
by prolonged excessive mechanical or electrical stimulation to
sensory nerve trunks (Porter, Janeway and Ewing, Mann, Seehg
and Lyon, Wiggers, Phemister and others) The cutting of the
cord or severing of nerve paths to the brain does not prevent the
development of shock from trauma or from manipulation of the
mtestines

A bullet wound of the abdomen with penetration of the bowel
will result in shock with great regulanty, while similar wounds
without penetration may not do so The sympatho-adrenal
response should be of similar degree in both types of wounds

An extensive superficial burn will result 1n shock 1n a degree
proportional to the seventy and the area of the burn If treated
promptly, as with tannmic acad, shock may not develop or will be
of lesser degree It 1s not probable that local treatment with
tannic acid reduces the activity of the sympatho-adrenal system

Adrenalectomized dogs, mamtained in a normal physiologic
state by injections of cortical hormone, can be thrown mto shock
readily by the various agents which cause shock i normal dogs
(Swingle and associates) Such amimals are /ypersuscepisble to
anaphylaxis, trauma, burns, hemorrhage and to various capillary
poisons  Obviously, adrenal hyperfunction 1s eliminated as a
factor by the conditions of these experiments
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Dogs which have been subjected to bilateral sympathectomy
develop shock from trauma, or from manipulation of the intes-
tines, as readily as normal dogs (Freedlander and Leshart)

It has not been shown that the sympatho-adrenal system 1s
called 1nto hyperachvity by intravenous mjections of peptone
histarmine, venoms, bile salts, sundry poisons or by anaphylaxs
Yet shock develops under such conditions with almost explonive
suddenness and with manmmum seventy Circulatory failure
develops more gradually after injections of epinephnn

Finally, 1t has been shown (see Chapter XIT) that deep roentgen
iradiation of the abdomen causes the complete and charactenstic
syndrome of shock This 1s accompanied by hemoconcentration
and the postmortem wvisceral changes are those distinctive of
shock. Roentgen irradiation causes delayed necrosis of the glandu
lar epithelium in the 1ntestinal mucosa. Extensmve disintegration
of the cells occurs after two or three days, the onset of symptoms 15
correspondingly delayed It appears that absorption of products
from the tissues damaged by = ray= results 1n progresmive defiaency
of the arculation These experiments have a sigmficant beanng
upon the mechansm of shock. Whatever fright or other emotional
response occurred inadent to the treatment, had subsided  The
treatment was pawnless and the dogs appeared entirely normal on
the following day No anesthesia was used, nor was there hemor
rhage nor local loss of fiind  Such conditions provide no apparent
cause for the development of sympathc-adrenal hyperactivity
several days subsequent to the irradistion

Recently Wiggers reviewed cntically the vanous theones pro-
posed as explanations for shock  Concerming vasoconstriction as
an fmportant causative factor, he stated “there 13 no substantial
evidence that 1t (vasoconstnction) 1s sufficently generalized or
intense enough to cause the capillary damage which this hypothesis
requires

The chief expenmental evidence supporting this theory was
denved from a comparison of the effects of hemorrhages and
transfusions in two groups of dogs (Freeman and assoantes) For
reasons not entirely clear, the normal dogs were subjected to far
greater losses of blood than the sympathectomized ones  Yet the
authors concluded that the latter were more remstant to the effects
of hemorthage  Since shock and the cffects of hemorthage are
not identical (sce Chapter I\), these cxpeniments do not bear
directly upon the problem  Recently Freeman and his co-workers
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produced shock by trauma in totally sympathectomized dogs and
stated that those results could well be explained on the basis of
toxic substances absorbed from the area of trauma

It1s probable that hyperactivity of the sympatho-adrenal system
may be a factor of importance in a few imited types of conditions
such as acute pancreatitis or the perforation of abdominal viscera
The escape of highly wrntating digestive juices may cause a
maximal prolonged response by the sympatho-adrenal system, and
may account for the pnmary shock merging mto secondary
shock without interval However, 1t appears that more convincing
evidence will be required before this theory can be accepted as an
explanation of shock 1in general

The Vicious Circle —It has been noted that if the blood pressure
remains below a certan level for a relatively short time the cir-
culatory deficiency tends to progress This 1s called the craizcal
level because with lower pressures the condition acquires a self-
perpetuating quality having the features of a vicious circle

Starhing’s mmvestigations on the physiology of the circulation
indicated that when the artenal pressure 1s below 80 mm Hg the
heart 1tself receives an insufficient supply of arterial blood
Anoxia of the myocardium diminishes 1ts output of energy and
lowers 1ts functional efficiency,

Hill and McQueen noted that when the blood pressure 1s
reduced to about 80 mm Hg there 1s a tendency for stasis to
develop 1n capillary areas, and the minute vessels become choked
with closely packed corpuscles Anoxia develops, the osmotic
pressure 1n the tissue nses and the tissues imhibe fluid from the
blood within the capillaries Less blood 1s returned to the heart
and the circulatory deficiency increases

Cannon noted evidence of the operation of a vicious circle in the
condition of wounded soldiers and attrnibuted this to a combination
of factors When the pressure 18 reduced below a cntical level,
+ e, between 70 and 80 mm Hg, the oxidation and the metabolism
are lowered and the production of heat 1s dummished Low tem-
perature contributes to mncreased viscosity of the blood Transuda-
tion of plasma has the same effect by increasing the concentration
of the blood, and the mncreased friction of thick, viscid blood further
impedes circulation  As more blood stagnates in capillary areas,
the volume of return flow 1s dimimished and the volume flow of
artenal blood 1s reduced This lowers the w5 a fergo by which
blood might be forced through the capillanies As the circulation
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Iags, the supply of axygen to all issues including the myocardium
is further reduced and the condition 13 thereby self perpetuating

Anons is a most important factor 1 the viaous arcle because
1t plays a dual réle as both cause and effect v Anoxig will cause
arculatory defictency and creulatory defirency will caxse anozia «
In this relationship the condition of dilatation and permeability
of the capilanes plays a reaprocal réle of equal importance

When lack of oxygen mn an area of tissue renders the capilleres
atonic and permeable, plasma escapes into the tissue and stams
develops 1n the vessels. This further impedes the arculation.
decreases the volume flow, lowers the blood volume and increases
the anoxa. It 18 evident that erther of these factors, operating
alone, brings the other wmto action This reciprocal relationship
constitutes & sclf perpetuating mechamism which operates as a
vicous arcle It 1s Dlustrated visually n the sccompanying
diagram (Fig 3)

circle.
The effects of injurkous agents of of anoxta upon OTHER CALLS changes
in electrolytic permenbility s illostrated in Figure 2, p 36. Tb;‘;‘e:cumm

electrolytic fmbatince and in the
e imbx changes chemustry of the blood winch are

I
Summary —The dynamics of shock mclude the operation of
severnl deletenious factors  Most important among these are
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endothelial damage and anoxra because the development of either of
these will presently bring the other into action This reciprocating
effect gives the disorder a self-perpetuating quality, 1t operates
like a vicious circle, tends to progress and may lead to irreversible
changes“”

Prolonged vasoconstriction, as by epiephrin, may cause a degree
of anoxia sufficient to mmtiate the action described This will
produce the syndrome of shock, complete 1n all essential par-
ticulars

This effect of epinephrin 1s beheved by some to be an important
mitiating factor However, there are many reasons why hyper-
actinity of the sympatho-adrenal system does not explain ade-
quately the mechanism by which shock usually occurs



CHAPTER V

THEORIES CONCERNING SHOCK

THE mechamsm by which the arculation, flud balance chemcal
concentrations and other physologic conditions are disordered
has been discussed and the reaprocal effects of capsllary alony
and gnoze have been set forth It will now be of interest to
trace the development of kmowledge concerming the etiology of
shock Until quite recently, a pronounced dechne n artenal
pressure was regarded as the centrel and most important feature
1n the syndrome. Every posaible cause for the Jow blood pressure
—cardiac ineficency vasomotor weakness, deficiency of the
“veno-pressor mechaniam,” adrenal insufiaency, hemorrhage and
loss of fluid from the blood ~ench has been advocated as the pn
mary cause for the condition None of these explanations, some
of which were most plausible and were supported by expermental
evidence as well as by logic, received confirmaton when tested by
carefully controlled expenmentation In each mstance factual
evidence subsequently was developed nvahdating the theory
under conmderation

Several items from the amoated phymologic disturbances have
been proposed as pnime causative agents  some have incnminated
the decreased allaline reserve, others the low chlonde content of
the blood, and still others its high content of potassium  Recently,
arterial vasoconstnction has been advocated as initiating the
vicious arcle  That other 1tems seen in the syndrome of shock
may yet be proposed as causes, 18 not improbable  In this, as in
attempts to solve other difficult problems, 1t 18 not strange that
eflects should sometimes be mustaken for causes

The net result of the researches and studies made 1 supporting
and testing these varous theones, has been a great amount of
valuable factual information These facts must be integrated in
proper relatrionship to each other, Like the pieces of & jig saw puzzle
each must fit into an appropriate place and must serve to complete
the picture  Incompatibility with any Lnown fact will invahdate
any hypothems

Historlcal. ~Le Dran (1743) apphed the term shoek 1n a mech
amical sense to the effects of a bullet stnking with * such rapid
Force that the whole Arumal Machine partiapates in the Shock

(53)
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and Agitation” The word was used n that sense by several
early wnters Latta (1795) used the term in describing the effects
of electrnic current upon a patient, and the same term later was
appled indiscriminately to mechamcal impacts, fright or grief as
the effects of a horrible sight or of sad news, the effects of elec-
tricity, and to the profound depression or “wound torpor” which
developed after severe burns or trauma  Shock has been used to
describe almost any condition associated with sudden or rapidly
developing weakness or syncopev

The early attempts to account for shock were hike all human
efforts to explamn disease and other natural phenomena by sup-
position and by processes of logic The early writings abound 1n
such hypothetical concepts as “draimming of vital fluid,” “destruc-
tion of the great nervous power,” ‘“disorgamzation of vital func-
tions,” “commotio cerebri” and the hike An analysis of the
theones current before the advent of experimental medicine,
would be time-consuming and profitless ¥ The great surgeon and
pathologist, Samuel D Gross, described accurately the chnical
manifestations of shock ., His explanation of its ongin may be
cted as representative of the theorzation of that period (1872)
He wrote

Shock 1s a depression of the vital powers, induced suddenly by external
injury, and essentially dependent on loss of mnervation It bears the
same relation to the nervous system as syncope to the vascular Y In the
one case the result 1s caused by a dimmnution of the nervous fluid, m the
other by a diminution of the blood ¥ In both the consequence 1s more or less
prostration The blood has long been known by physiologists as
the vital fluid so necessary to the well being of the system But 1t 1s cer-
tainly not the only fluid entitled to this distinction, the nervous fluid 1s
both more subtle and more important as a life preserver When blood
flows away 1n a mighty and overwhelming torrent life 1s destroyed
by the excessive sanguineous drainage But in shock the same effect may
happen, and yet the body be literally surcharged with blood, not a single
drop, perhaps, having been spilled 1n the accident causing the fatal result
Thus of the two fluids the nervous 1s the more important, because the more
essential to life, and 1ts disturbance 1s therefore a more frequent cause of

death

He criticazed severely the practice of bleeding in shock, as con-
trary both to physiology and to common sense, and added the
observation that when such 1s attempted by the ignorant the
blood generally refused to flow, and consequently no harm was
done Evidently the decreased volume flow of blood 1n peripheral
parts had impressed Gross
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Vanous hypotheses advanced dunng this penod, were com
binations of functional disturbances of the nervous system with
reflex inhibition of the action of the heart, respimtion and of
vascular tonus At that time 1t was not reahrzed that neither the
heart nor the respiration 1 paralyzed or inhibited m shock  Those
1nterested 1n these theoretic dissertations wll find them summanzed
cntically 1n a monograph by Groeningen (1885) Same of his
conclusions are not harmomous with subsequent developments,
but Iis analysis of the evidence then available makes this the
outstanding contnbution of that penod

The chnical features of shock were clearly stated and the
smilanty of these signs to those of hemorrhage was recognized.
Falure to differentiate between shock and sudden death from
other causes was ated as o source of confusion and of statstical
inaccuracies  Fat embolism, coagulation and other changes
the blood wert rejected as causes.  Poor instruments and unskillful
manipulation, fatigue and depnvation, lowered resistance from
hemorrhage, disease, alcoholsm or undermounshment, anxiety,
restlessness and fear on the part of the patient, improper bandag
g, uncarciul handling and rough transportation of the wounded
were stressed as contributing factors. The presence of these factors
justified delay in operation, and the use of stimulants and rest 1n.
a warm bed were advised in the intennm  He stated that an interval
of a few hours usuaily occurred between the injury or operation
and the development of shock, but if the latter did not develop
within twenty four hours 1t seldom occurred Jlater  Thesc observa
tions recewved remarkeble confirmation dunng World War 1
thirty years Iater

VASOMOTOR EXHAUSTION

Groenungen found that previous hypotheses were contrary to
physologic evidence and sought for & satisfactory explanation in
dysfunction of the vasomotor mechanism He reasoned that any
traumatic msult produces exhaustion of nerve centers and de
creased reactions. The summation of the stimulations ansing
{rom preceding dusease, from the mjury or operation itself and
from subsequent events, causes exhaustion of the vital centers
particularly i the medulla This results in vasomotar deficiency
accompanied by vascular relaxation  All the manifestations for
merly attributed to reflex mhibitions and reflex paralyses, were
thus explaned to his satisfaction
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Crle’s researches on shock were based upon the theory of
vasomotor exhaustion, although he neglected to credit Groeningen
with originating that hypothesis He produced shock m dogs by
various combinations of trauma, 1rritation of nerves, mampulation
of viscera and other forms of tissue abuse His records showed
that the immediate effect of various forms of injury was an wcrease
mn blood pressure which indicated vasomotor responsiveness and
activity  But after prolonged repeated injuries the pressure
declined and the circulation became mneffective  This suggested a
loss of vasomotor activity which was attnbuted to exhaustion

He believed that repeated painful stimulation eventually caused
exhaustion of the vasomotor centers in the cord and medulla, as
a result of which the reflexes became weakened until finally arterial
relaxation occurred He held that these effects were produced
even under complete anesthesia when no consciousness of pain
was present A corresponding fall in venous pressure was demon-
strated and the circulatory defect was attributed to an msufficient
return of venous blood to the heart

Subsequent 1nvestigations failed to support vasomotor exhaus-
tion as an adequate explanation Forbes and Miller showed that
surgical anesthesia interrupts the passage of stimuli from the
periphery to the brain, consequently no exhaustive effects would
be produced Cannon ated the fact that shock follows wounds
in which little or no pain was felt, and fails to develop in conditions
such as neuritis, bihary or renal colic, in which pain 1s intense and
prolonged He found no ewvidence indicating that either pamn or
vasomotor failure 1s a factor in the development of shock Freed-
lander and Lenhart traumatized the thighs of dogs whose cords
had been severed, and whose abdominal sympathetic gangha had
been excised Shock was produced in these as readiy as
normal anmmals

Many workers (Porter, Janeway, Ewing, Mann, Sehg, Joseph,
Lyon, Wiggers, Phemister and others) found that prolonged
stimulation of afferent nerves uniformly failed to produce a cond:-
tion resembling shock Several of these writers observed that,
durning experrmental shock, the arteries are not dilated but are
maximally contracted The same was noted in human cases of
shock (Malcolm, Fraser, Cope and others)

Erlanger and associates found no evidence of loss of vasomotor
tone 1 shock produced by any method In the early stages, the
vasomotor tone was defimitely increased and there was evidence of
vasomotor activity even at the end of long experiments The
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foss of vasomotor tonus, which finally occurred as the aumals
died, was explaned a3 o result of, not as & cause for, the prolonged
low blood pressure

In the termunal stage of shock when the blood pressure has
been below the cntical level for some time, the entire organism
suffers from lack of axygen This deficency affects the nervous
system as well as other parts Reflexes are abolished, there 1s no
response to painful stimuly, the subject 1s lethargic or sem
comatose, the respirations become weak and shallow and the blood
pressure declines to zero  Apparently this terminal stage 18 the
only penod when vasomotor deficiency 1 present in shock

ACAPNIA

Henderson’s studies on the physiology of shock showed that the
earhest evidence of 1t 18 & decrease of from 40 to 70 per cent in
the amphtude of the cardiac cutput This decrease, described as
reduced volume flow, occurred regularly before any decline 1n
Dlood pressure took place It was not due to cardiac neffiaency
but to & decreased return flow of venous blood to the heart. The
deficency, as he saw 1t, onginated 1n the ““veno-pressure mech
anlam ’ which controls the retumn flow of venous blood. He
believed that this 1 activated by the CO, of the blood, that if the
Iatter falls below normal the venopressor mechanism becomes
inactive and a defimency develops in the return flow of venous
blood from the penphery  He reasoned that increased respiratory
activity caused by pamnful stimuli, leads to & depletion of COy 1n
the blood —acapma—which produces inactiity of the veno-
pressor mechamsm  This results in decreased cardiac ontput
low blood pressure failing circulation, asphyxie of the tissues and
produces the syndrome of shock

This plausible interpretation was widely accepted but, when
subjected to the test of controlled expernimentation, it recewved
iittle confirmation  Mann attempted unsuccessfully to produce
shock from hyperventilation of the lungs by Henderson s techmique
In other expenments shock was induced by mserting the hand
through an ncision into the abdomen the skin was then tightly
clamped about the wnist and a constant stream of CO, was passed
directly into the abdomen while the intestines were mampulated

’I;holzkprccauuon cid not prevent nor retard the development of
8|
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Janeway and Ewing provided a rebreathing apparatus whereby
the CO, content of the blood was maintained within normal hmts
In other cases they kept the CO; content of the blood above
normal by supplymng CO, from a tank through a respirator
Shock was induced 1n these amimals as readily as in those
which no such precautions were used From various experiments
they found no evidence that a dimmnution 1n CO, 1s a causative
factor 1 shock Wiggers likewise was unable to confirm the
hypothesis of acapmia  Coonse and his collaborators found that
when an amimal in shock was given inhalation of CO, his condition
became rapidly worse

Cannon pomted out that the assumption that wounds cause
marked 1ncrease 1n respiratory activity 1s invalid The severely
wounded regularly state that they suffered no pain at the moment
of being struck When questioned, they usually testify to having
felt a dull blow, but not severe pain  Crushing and teanng agents
seem to deaden the nerves for some distance back of the exposed
surface Pain begins to appear in such imstances only with the
development of inflammation

In the severely wounded also there is absence of such vigorous
breathing as Henderson’s theory requires Cowell paid par-
ticular attention to the respiration of severely wounded men and
never observed hyperpnea In the casualty clearing stations the
typical form of breathing, though faster than normal, was super-
ficnal Furthermore, even when the most extreme hyperpnea 1s
carried on voluntarily, no shock-like condition results In cases
of almost 1ntolerably severe pain, such as 1s experienced 1n facial
neuralgia, no shock-like phenomena are produced
/ The foregoing observations mvalidate the view that shock 1s
associated with intense pam and with such respiratory activity
as to pump out the CO, from the blood Pain and the excessive
breathing required for acapnia are commonly absent, shock may
exist without acapma and acapma may exist without shock
The low CO; content of the blood 1n shock may be accounted for
as the result of the low blood pressure, not as its cause./

Finally 1t should be mentioned that shock resulting from 1njec-
tions of histamine, of peptone, of tissue extracts, of bile, from the
mntroduction of muscle substance or of extracts of muscle into the
peritoneal cavity, or from anaphylaxs, cannot be explained satis-
factonly on the basis of lowered CO; content of the blood or of the

tissues
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DECREASED ALKALI RESERVE

Henderson (1910) had observed that deficzent oxidation was a
prominent feature i expenmental shock and suggested that this
would reduce the alkalimty of the tissues and of the blood Crile
(1915) mcluded shock among the chmcal conditions m which
acdoms 1s an important factor Cannon (1918) found a marked
decrease 1n the alkali reserve in cases of traumatic shock, of severe
hemorrhage, and of gas bacillus infection  But no reduction of
the alkali reserve was observed until the blood pressure had
declined to 90 or 80 mm Hg  Also 1n expenmental shock produced
by hmting the cardiac output, the alkal reserve declined only
after the blood pressure was reduced below 80 mm Hg “Air
hunger” was manifested when the aadosis was extreme

The question at 1ssue 1s not the fact of such a decrease, but its
interpretation  Is this decrease a causative factor or 1s 1t merely
s result of the phymologic disturbances which constitute the
syndrome called shocke

McEliroy found a gradual decrease mn the reserve alkahmity n
expenmental shock In no case did the decrease precede the
development of shock nor was the change in the reserve alkahnty
suffilent to account for the condition of the ammal In expen
mental acrdosis produced by intravenous injection of lachic aad
the alkah reserve was lowered to the degree found 1n shock without
produang any marked symptoms in the animal When by further
injections the ammals had been reduced to a terminal state
treatment by injections of sodium bicarbonate solution resulted
n prompt recovery  Simular mjections in ammals in shock pro-
duced no benefit. The maintenance of the alkali reserve at normal
levels by injections of sodium bicarbonate solution did not prevent
the development of shock He concluded that aadoss 1s not a
cause but 15 a secondary associated condition  Guthrie arnved at
the same conclusion from expenments of smular kind

The Speaial Commuttee for the Study of Shock and Alhed
Conditlons 1nvestigated the relationship between aadosis and
arculatory deficiencies. Lactic acid was given slowly by ntra
venous 1njection until the COy combining power of the plasma
declined from 46 4 to 10 3 volume per cent Discontinuance of
the myection was followed promptly by 8 rise in the COy carTyIng
capacity and aithough the amount of aad received was much
above that which could result from metabolic processes, the animal
did not develop shock In other expeniments injections of lactic
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lipemia and fat embolem  Among the conditions of its occurrence
were lsted communuted fractures and other injunes to bone
extenuve surgical procedures severe phvmcal trauma, acute
pentonstis and burns of the slin  The symptomatology of fat
embolism resembles that of shock. It mcludes restlessness, falling
or rising temperature, dyspnea, signs of pulmonary edema, blood
unged frothy sputum and collapse  The pathologic features which
he described are indistingushable {rom those found regularly
shock from causes which excluded fat embohsm  Some of these
arc congestion of the lungs and other viscern, edema, and milinry
hemorrhages in the heert, bran kidneys and elsewhere  One has
the feeling that many deaths attnbuted to fat embolism were 1
fact due to arculatory failure of the ghock type

Porter injected olive oil or thick cream mtravenously n cats
Thus was followed by a decline in hlood pressure and other mant
festetions which he interpreted as analogous to traumatic shock
inman Bussel injected dogs intravenously with varying amounts
of olrve o1l The first injections were mithout effect  Larger and
repeated [njections caused finally & sudden rise 11 venous pressure
and a gradual fall ;n artenal pressure followed by death  These
results were confirmed by Simonds, but the amount of ohve oil
necessary to produce this effect was about 2 cc per kilogram of
body waipht Later Porter produced a fall in blood pressure by
injecting {ats mto the vertebral artenes, and argued that the
arcufatory phenomenon of fat embolism resuited from the plugging |
of capillanies m the medulia by particles of fat

Wiggers studied the effects of Injections of {ats into the arcula
tion both artenal and venous and found them extremely vanable
but 1n nether case did they produce the arculatery phetiomena of
traumatic shock  Crile regarded the theory of {at embolism as an
inadequate explanation  He noted that shocl followed abdominal
munes which penetrated the viscers but did not follow similar
injunes yn which no penetration occurred, though the same areas
of fatty tissue had suffered aimilar trauma  He celled attention
to the occurrence of shock after burns and after njunes to the
head and chest, 1n which conditions no fatty tissue had suffered
trauma

Other discrepancies further validate the theory  The plugging
of pulmonary capillanes causes distention of the systemic vemns
and increased venous pressure  In shock there 15 decreased venous
pressure and the systemic veins are collapsed and relatiy elv blood
less The production of shock by manpulation of the wntestines,
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by injection of peptone, of fat-free tissue extracts, of histamine or
by anaphylaxis, indicates that the entrance of fat into the blood
stream 1s not an essential factor in the production of shock This
conclusion does not contradict the fact that under some conditions
fat may enter the blood stream in quantities sufficient to affect
the circulation seriously, or even to cause death Such occurrences
are rare, and should be differentiated from traumatic shock In
reviewing the published chmical reports of fat embolism, one 15
mmpressed by the probability that many of the cases described
were 1n fact traumatic shock and were attributed to fat embolhism
on msufficient evidence

The evidence cited supports the conclusion that fat embolism
1s not an adequate explanation for the mechanism of shock

Such was the status of the problem prior to the investigations
made during and immediately following World War I  Progress
up to this time consisted in establishing many pertinent facts and
mn ehminating several proposed explanations as inadequate



CHAPTER VI

TRAUMATIC TOXEMIA

Tur danger of shack constantly haunts the surgeon  This grave
complication may follow extensive operative procedures, bumns
and traumatic injunes of varous kinds It becomes a mejor
problem for those who have to deal with acadental injunes, and
for mulitary surgeons 1n the management of battle casualties It
occurted on & huge scale dunng World War I and the Britush
Medical Research Commuttee organized an intemational cobpera
tive effort to elucidate 1ts mechamsrn  Eminent surgeons, phys
ologists, pharmacologsts and intermusts of England, France and
the United States, made a combined attack upon vanous salients
of the problem  The plague of war provided opportumty for
chmeal studies such as a grest epidemic disease would furmsh
for investigations on its cause and nature. Observations on shock
m wounded men were compared and cheched with the results of
expenmental studies employing the methods of phymology and
pharmacology

Unfortunately pathologists were not concerned with this
colperative endeavor and the results of chincal observations and
of laboratory experiments were not reinforced by morpholagic
studies The behef had been accepted without questson that
shock 18 purely a physiologic disturbance, unaccompanied by
charactenstic morphalogic changes.

The reports of the vanous investigations were correlated and
summanzed by Cannon in hus monograph Frewmatic Skock The
experiences of the military surgeons, and of others who made
studies on wounded soldiers, are of the highest importance
Battle casualties provided an almost unlimuted supply of clinical
matenal and this was utihized for investigations both on the
nature and on the practical management of shock

OBSERVATIONS ON WOURD SHOCK

Shock developed in sts simplest and least complicated form
after extensive damage to the muscles and bones of the penpheral
parts, uncompheated by terious hemorthage Extensive deep
mjuries from large shell {ragments and multiple mjunes from
smalt ;’rngments and from bullets, wmithout penetration of viscera,

(68)
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provided this type of matenal The conservative treatment of
such wounds was followed by a high mortality from shock and from
subsequent infections This expenence led the surgeons to adopt
more radical measures Badly damaged limbs were amputated
and débridement was practiced on other severe wounds This
consisted 1n excising all bruised or lacerated tissues, all projecting
tags and all tissues infiltrated with blood—n other words, remov-
ing all débns  This left a larger area to be healed but it was hned
on all sides by clean, healthy, viable tissue

These measures caused immediate improvement 1n the condition
of the wounded, and both the incidence and the seventy of shock
were matenally reduced Wallace stated “This procedure 1s
often the mitial step in an extraordinary improvement in the
patient’s state Expernience proves that the exclusion
of the focus of mjury by short and radical procedures causes the
symptoms of shock to disappear” McNee stated ‘“The opera-
tion 1s commonly followed by a remarkable and maintaned im-
provement, so rapid and stnking as to appear a direct sequel to
the removal of the damaged limb ”’ These expenences are cor-
roborated in the surgical and medical histonies of the Amencan
and of the British armies during the war

Quénu published an extensive analysis of the experiences of the
French military surgeons They observed that everything favor-
ing absorption from the injured area favored the development of
shock It developed most readily when the area of damage com-
municated with the surface by only a small opening The time
elapsing after injury before surgical treatment of the wounds was
an 1mportant factor Sante reported a large series of similar
severe wounds in which the mortality was only 11 per cent when
operated upon within three hours The mortahity rose progres-
sively to 75 per cent following delays of eight to ten hours It
was the experience of the French surgeons that early amputation
or débridement of the wounds mimmized the absorption of toxic
substances from the areas of injured flesh, and that delay mcreased
such absorption to dangerous degrees

Results from the use of tourmquets were hike those from experi-
mental obstruction of the circulation (Mann, Allen, Chapter IV)
Frequently tourmquets were apphed by the litter bearers as they
collected the wounded, and were still in place when the latter
arnived at the field hospitals  If in such cases the tourmquets were
removed, shock often developed immediately Results of this
kind occurred so frequently that orders were 1ssued against the
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est]lmatlng the sevenity of shock and the degree of the operative
s

Keith showed that, after severe wounds, the recuperative capac-
1ty depended on the ability of the circulation to take up and to
retain lwd In one class of cases the circulation was able to
absorb fluid from the tissues and to retamn flud supplied thera-
peutically There was no circulatory decompensation 1n these
cases and they responded readily to treatment In another class,
the capacity to absorb flud was lost but the vascular structures
could still retain flud 1f supphed m swtable form In profound
shock there was failure of compensation for the carculatory
deficiency, the normal process of blood dilution failed to operate
and the vascular structures were incapable of retaimng colloid
solutions or even whole blood Treatment was entirely ineffective
n this class of cases These observations are highly significant as
indicating both a sernious derangement of fluid balance and failure
of the mechanism of absorption when shock 1s fully developed

EXPERIMENTAL EVIDENCE

The interpretation that substances absorbed from 1njured tissue
In some way cause circulatory failure, originated from observations
on 1nestimable numbers of battle casualties Investigations of
another type were designed to test that interpretation and to
determine, 1f possible, the mechanisms involved \

Bayliss and Cannon produced shock in cats by mechanical
trauma to the muscles of the thighs This was followed by a fall
mn blood pressure, increase 1in the pulse and respiratory rates, a
diminution 1n the CO, combining power of the plasma, a decrease
i the total blood volume and an increase in the erythrocyte
count of the blood In such amimals, massage of the damaged
muscle caused a further decline in blood pressure The previous
severance of the lumbar cord did not prevent shock following
trauma to the thigh muscles Ewidently the fall in blood pressure
was not due to painful stimulation acting upon the central nervous
system nor to any mechanism dependent upon nerve communica-
tions to the injured area Shock did not occur if all the vessels
of the legs were hgated but occurred promptly following the
release of such ligatures Eaaminations of the lungs for fat failed
to show any evidence of fat emboli

Bayliss made an extract of tissue by boiling muscle substance
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1n saline solution  'When this was given intravenously 1t produced
a prompt fall n blood pressure accompanied by visible dilatation
of the minute vessels of the intestines There was a progressive
increase 1 the concentration of the blood as shock developed in
these ammals, as i wounded men

Dale, Laidlaw and Richards were led to make expenments with
histamine because of the fact that it produces a shock like failure
of arculation when njected mto the blood stream  Cats under
ether anesthesia developed shock promptly following the 1njection
of a milhgram or two of histamine  The red cell count, hematocnt
determinations and hemoglobin percentage mndicated a marked
concentration of the blood as shown by & loss of 50 to 60 per cent
of the onginal plasme volume The authors concluded that the
decreased volume of blood resulted partly from transudation of
plasma through capillary walls which had been rendered abnor
mally permeable by the action of histarmine and in part by stams
of blood 10 the dilated capillaries Direct mspection of the
mternal organs supported this view  The artenoles down to the
finest branches were contracted but the viscera showed diffuse
dusky congestion &nd the smallest venules were distended with
dark blood. They interpreted the effects of histamine as due to
the sequestration of blood i the dilated capillanes and venules
of the viscern. They believed that loss of the normal tone of
the capillary walls 13 the essential cause of this condition They
recognized that histamine typifies the action of products of protein
cleavage resulting from vanous cavuses  ““The action of nstemine
does not stand by 1tself but represents 1n most charactenstic feat
ures a type of action common to a large group of substances of
ammal or bactenal ongin ~ They attnbuted the effects of all
these chemically unrelated substances to loss of tone and increased
permeability of capillary endothelium The conclumons of the
Commuttee on Wound Shock are summanzed by Cannon

The theory of secondary shock which has the strongest support, both
n chnical observatons and in laboratory expenments, 1 that of a taxic
factor armng from damaged and dying tssue and aperating to cause an
wncreased permeability of the capillary walls and a consequent reduction
of blood volume by escape of plasma into the lymph spacer. Thus the
concentratron of the corpuscles 1s also readily explamned It 1 recogruzed
that after 2 sufficient time infection may occur and be of such character m
1txelf 23 10 induce a pernstent low blood pressure. Accordmg to this theory,
there mught be 1o cssentral diference between the effects of oxing given
off by damaged tissue and of toxims resulang from activity of bactena,
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COLLATERAL EVIDENCE

Most of the increased knowledge concerning capiliary physiology
referred to 1n Chapter I, has developed since the previous World
War The fact that students of capillary reactions were not
mnterested primarily 1n shock, and that their investigations were
not designed to test any theory as to 1its ongmn, does not lessen
the sigmificance of the evidence from these sources

Ebbecke’s studies on dermographal showed that local urticanal
reactions are charactenzed by dilatation and engorgement of
capilaries, and by edema resulting from permeabihity of the
capillary walls He showed that varnous forms of injury to tissue
cells cause them to release cytoplasmic substance to which the
capillary endothehum 1s physiologically sensitive In response
to the cytoplasmic substance, which may be hberated either by
irntation, mjury or functional activity, the adjacent capillanes
relax and their walls become permeable to colloids, allowing the
escape of plasma into the tissue spaces

Certain colloidal dyes are used by physiologists for demonstrat-
ing local permeability of capillary walls These dyes escape into
the tissue spaces if the endothelium 1s abnormally permeable but
they are retained in the blood for many hours and cause no local
staining of tissues under normal conditions If a colloidal dye,
as trypan blue, 1s injected mnto the blood during the formation of
a wheal, the dye escapes locally and stains the wheal blue The
edema flud, 1n wheals from all causes, has a high protein content
hike that of the blood plasma These and other observations sup-
port Ebbecke’s interpretation that local urticanal lesions result
from capillary reactions as described

Ebbecke made the pertinent observation that any agent which
will produce a wheal when applied locally in the skin, will produce
the syndrome of shock 1f its effects are induced systemucally As
examples, he showed that histamine, bactenal toxins, various
poisons, “‘lymphagogues,” peptone, protemns to which an individual
1s sensitive, and other agents will produce a wheal 1if appled
locally The same substances produced shock when injected

1 Dermographia and wheals are phenomena well known to immunologists
and dermatologists The lesions are 1dentical 1n nature and mechamsm  Dermo-
graphia may be checited by mild mechanical trauma, as a stroke with a blunt
nstrument on the shin of a susceptible person Wheals are the characteristic
lestons of urticania  They result also from the bites and stings of insects or
from injecting mto the shin a minute amount of listamne or of a protein to
which the individual 1s sensitive
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intravenously  Likewise bee sting venom smake venom, bile,
cholic salts, emetin allyl formate and vanous other agents will
produce wheals when applied locally and will cause shock when
gven intravenously It appears that the effects of such agents
are due to their action upon capillary endothelium and that the
difference between the local and the systemic effects 1s quantitative
rather than quahtative. Wheals are analogous to shock, in that
bath result from the same condition—dilatation of capillaries and
increased permeability of the endothehum. The wheal s shock
1 minwalure

Lewns made mntenuve studies on local vascular reactions. These
substantiated the interpretations of Ebbecke, that any type of
mjury to cells—mechamcal, thermal electncal chemical or toxic
—causes a local reaction which he called the “tnple response ”
This consists of (1) a dull red area, due to capillary dilatation
and engorgement followed by (2) & pale elevated area the wheal
1tself, due to edema resulting from transudation of plasma through
abnormal permeable capillary endothehum, and (3) a spreading
bnght red ‘fAare’ in the surrounding skin, due to local artenolar
dilatation The dull red reaction and the wheal occurred in
totally denervated skin and were shown to result from a substance
released by cells in response to injury (see Chapter I) The
spreading flare occurred only in skin whose sensory nerve fibers
were mtact. It was attributed to an axon reflex from a sensory
nerve fiber to nearby arterioles causmng them to dilate.

He showed that this 18 not caused by the imjury itself but by
the liberation of substance from the injured cells. ‘The response
of the minute vessels to this substance 15 indistinguishable from
therr reaction to histamine The capillaries become dhlated
atomc, engorged and permeable to the plasma. Edema develops
n the surrounding tussue, and the capillanes are filled with closely
packed corpuscles. Lewns called this H subsfance because its
local effects were like those of histamuine in all particulars. He
beheved 1t to be a single substance and that if 1t 18 not histamme
itself 1t 1s closely related to ait.

Lews saw a durect relationship between the local response of
capilianes to the release of H substance and the grave systemic
effects resulting from massive cffects of the same lind  "These
eifects lead to an impounding of the blood 1n the capillary reservoirs
accompanied by a senous loss of fluid into the tissue spaces
Owing to this diversion of the blood the central vessels are depleted,
a profound and lasting fall in blood pressure follows, leading to
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a condition of collapse ” He stated that the difference between
this effect and the “triple response” 1s one of quantity, not of
quahty, that the underlying principle 1s the same the unvarymg
response of cells to mjury, and the effects of H-substance on the
endothelium of capillaries and venules

Dale reviewed the observations on vascular skin reactions and
stated that there exists no more direct evidence that adrenahn 1s
discharged by the adrenal gland into the circulation than that the
H-substance of Lews, exists as a constituent of normal cells and
that 1t 1s released as such following mild mnjury He endorsed
Lewns’ mterpretation of the effects of H-substance on endothehum

Krogh analyzed critically the observations and deduction of the
authors mentioned, and endorsed them without quabfication
““The evidence brought together by Lewis proves, in my opinion
definitely, that we have to do in all the acute mndirect reactions
with a substance released by the mnjury to tissue cells, and makes 1t
very probable that this substance 1s closely related to histamine
and may be histamine itself,—a conclusion already expressed by
Ebbecke ” He (p 355) regards 1t as “proved conclusively that
traumatic shock 1s due to the action of toxic substances formed
without the mtervention of microorgamisms 1n the mjured tissue
and distributed throughout the body by the circulating blood
itself It 1s evident now that these substances belong to the class
of H-substances ” He beheves that the circulatory collapse after
extensive superficial burns 1s due to the same mechamsm (p 356)

Lindgren studied the distribution of blood 1 peripheral msuf-
ficiency of the circulation occurring after narcosis, surgical opera-
tions, trauma, peritonitis, pancreatic necrosis, anaphylaxis and
histamine poisoming He found a decreased amount of circulating
blood and a diminished plasma volume The capillary portion
of the circulation was rich in blood, while the reservoir organs
were empty and the larger vessels contained httle blood He sup-
ports the following thesis

Due to resorption of lhberated toxmns and products of sphit albumen,
there occurs a general mjury to the capillary system which 1s expressed m
dilatation and an increase in the capillary permeability with a secondary
discharge of plasma and a loss of hquid from the blood Owing
to a generahzed capillary dilatation and increased viscosity of the blood,
the blood current 1s retarded in this part of the vascular system
Combined with the loss of plasma, this leads to a decrease in the amount
of blood returning to the heart This must lead to a decrease 1n the artenal
blood pressure which 1n turn further impairs the peripheral circulation In
this manner one process hinks up with the other and the result 1s a pro-
gredient mnsufficiency 1n the peripheral circulation
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TOXIC SUBSTANCES IN THE BLOOD

The explanation of traumatic toxerma has been opposed on two
chief grounds It has been emphanized that no toxic substance
has been 1solated or identified 1n the blood of man or animals 1n
shock  Also that blood axther from the general airculation or from
the traumatized limb has not been shown to produce a shock hke
effect in ammels recerving such blood by transfuson  Because of
the importance attached by some wnters to these objections, they
deserve more than pasang mention

It 18 well known that areas of damaged tissue undergo digestion
and absorption  The digestion is partly by autolyms, produced
by enzymes within the cells, partly by enzymes n the tissue fluids
and those supplied by leukocytes—heterolyms Such digestion
does not produce & single product of known chemucal formula,
but rather & senes of substances representing intermediate stages
of protein cleavage. The sctence of chemmistry has not vet advanced
to the stage where these substances can be 1dentified with cer
tamty when mixed with albuminous fluid such as plasma. For
example, Witte's peptone 18 derived by partial digestion of fibrn
chemists have shown that 1t conaists of a varymg combination of
proteoses and other cleavage products. An intravenous injection
of Witte's peptone will produce shock promptly but the detection
of peptone 1n the blood mught be difficult

Let 1t be recalled that Vaughan s crude soluble poison, denved
by hydrolytic cleavage of various proteins, was found to be more
potent than aither peptone or hustarmine.  Yet the Vaughans were
not able to give chemical data other than that the powson was a
product of primary cleavage sufficiently like the engnal protein
that it responded with & pesitive reaction to Millon s reagent

Those who urge the objection mentioned should be reminded of
two pertinent facts (1) The numerous instances on record in
which watery extracts and autolysates of vanous normal tissues
have caused shock when introduced parenterally Ebbecke Lewis
and others have shown that cytoplasmic substance not subjected
to autolysis, evokes endothelial reactions hke those caused bv
histamine  (2) The sharp elevation of the non-protein nitrogen
in the blood during shock from diverse causes  Whipple and others
hove shown that this is derived from the animal s own tiasues and
that it indicates proteolysms of the cvtoplasm of injured cells An
inctease in the non-protein mitrogen is about as near as chemical
examinations may be expected to approach to the detection of the
substances discussed
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Inabihty to demonstrate by chemical analysis or experimentally
a toxic substance 1n the blood durng shock, has been interpreted
by some as proving the absence of any such a substance A number
of mvestigators (Blalock, Phemister, Freedlander, Holt and
McDonald, O’Shaughnessy and Slome and others) have mjected
or transfused into normal ammals varying quantities of blood
drawn from ammals 1n shock In other experiments, blood drawn
from the veins of traumatized limbs was used similarly Vanations
of arterial blood pressure were used as cntena of toxic effects
In most such experiments no depressor effects were obtained
These negative results were urged as evidence of the absence of
histamine, or of any other substance having a histamine-like
action, as a factor 1n shock resulting from trauma

Physiologists (see Starling, also Drinker and Field) are in agree-
ment that protein and other colloidal substances are not absorbed
from tissues 1nto the blood stream, but that such absorption occur
na the lymphatics  Cytoplasmic substance and products of tissue
autolysis are colloads Hence the blood for experiments such as
described should be collected from the vena cava proximal to the
opening of the thoracic duct or from the pulmonary arteries No
such experiments have been reported However, 1t 1s probable
that, even under these conditions, no intoxication would be seen
in the amimals which received the blood Shock developing after
extensive trauma or burns, mdependent of hemorrhage and
anesthesia, 1s a gradual affairr extending over many hours It 1s
not probable that any effective quantity of the substances in
question would be contaned 1n the entire volume of the ammal’s
blood at any one time

Evidence based on failure to show toxic effects by transfusion,
1s entirely negative in character and 1s therefore inconclusive and
untrustworthy  Simlar results would probably be obtamed if
such experiments were made on dogs which had been bitten by
venomous snakes If understanding of the mechamsm by which
a snake bite produces death, had depended on showing the presence
of an mtoxicating amount of venom 1n the bitten ammal’s blood,
such understanding mught still be a matter of inference or con-
jecture

Indeed, a clever logician could frame a theory concerning the
effects of snake bite, which mght deceive the uncritical Not
only the area about the bite but the entire imb swells rapidly and
extenstvely ‘The tissues become markedly distended with hemor-
rhagic edema fluid  The minute vessels are greatly engorged and
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there 18 diffuse hemorrhage from the dissolution of vascular walls.
These observations indicate that death from the bite of a venomous
reptile can be explained on the basis of local loss of blood and
flmd m the injured area without resort to the supposition that a
poisonous substance absorbed from the bitten area exerted a
systemuc toxic effect. In support of this theory, 1t 18 urged that
no poisonous substance has yet been isolated and identified as
such 1n the blood of amuimals or man after snake bite.

“But,” observes some cntical reader, “The njection of snake
venom Intravenously or otherwise will cause the same mgns of
illness often ending fatally as those resulting from & snake bite
Pharmacologic evidence mdicates that venom produces systemic
as well as local effects.” Qute true, but should not that same
logic apply also to the cffects of extracts of normal tissues and of
substances resulting from proteolysis? Instances of such effects
are presented 1n the subsequent chapter

Refernng again to expeniments by transfuson 1n a few sig
mficant instances shock like phenomena are recorded 1n investiga
tions using this method  Cormioley and Kotzareff produced shock
n guimnea pigs and rabbits by traumatizing the hmbs with repeated
Lght blows from a small hammer They then injected the blood
from these into normal anmimals of the same species. A state of
shock developed 1n 6 guinea pigs and 2 rabbits so treated In
another senes the serum from the entire blood volume obtained
from a guinea pig in shock was injected into the peritoneal cavity
of & normal guinea pig  Fatal shock was reported in 8 such tnals
Postmortem exammnations showed marked pulmonary hyperemia
and petechial hemorrhages in the lungs and hiver

McIvers and Haggard joned the postenor half of one cat with
the antenor half of another by vascular anastomoses Shock
produced by trauma to the himbs of the one caused a marked fall
n blood pressure in the untraumatized cat 1n several such expen
ments.

Kendrick, Essex and Helmholz made & more precise experment
of 2 mmilar lund eliminating sources of error presented by durect
vescular anastomeses. A heart lung imb preparation was made
on a dog under nembutal anesthema. The aorta was canulated
end all other structures below the first lumbar vertebra were
tevered from the antenor part of the body  Blood from the vena
@ava was either returned to the reservoir of the heart lung hmb
Preparation or was used for transfusion to a normal dog the
reciplent  Each time a transfusion of 2 carefully measured quan
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Inabihty to demonstrate by chemical analysis or experimentally
a toxic substance 1n the blood during shock, has been interpreted
by some as proving the absence of any such a substance A number
of investigators (Blalock, Phemister, Freedlander, Holt and
McDonald, O'Shaughnessy and Slome and others) have mjected
or transfused into normal ammals varying quantities of blood
drawn from anmimals 1n shock In other experiments, blood drawn
from the veins of traumatized limbs was used similarly Vanations
of arterial blood pressure were used as cntena of toxic effects
In most such experiments no depressor effects were obtamned
These negative results were urged as evidence of the absence of
histamine, or of any other substance having a histamme-like
action, as a factor 1n shock resulting from trauma

Physiologists (see Starling, also Drinker and Field) are 1n agree-
ment that protein and other colloidal substances are not absorbed
from tissues into the blood stream, but that such absorption occur
na the lymphatics Cytoplasmic substance and products of tissue
autolysis are colloids Hence the blood for experiments such as
described should be collected from the vena cava proximal to the
opening of the thoracic duct or from the pulmonary arternies No
such experiments have been reported However, 1t 1s probable
that, even under these conditions, no intoxication would be seen
in the amimals which received the blood Shock developing after
extensive trauma or burns, independent of hemorrhage and
anesthesia, 1s a gradual affair extending over many hours It 1s
not probable that any effective quantity of the substances mn
question would be contained 1n the entire volume of the animal’s
blood at any one time

Evidence based on failure to show toxic effects by transfusion,
1s entirely negative m character and 1s therefore mconclusive and
untrustworthy ~ Similar results would probably be obtaned i
such experiments were made on dogs which had been bitten by
venomous snakes If understanding of the mechamsm by which
a snake bite produces death, had depended on showing the presence
of an intoxicating amount of venom 1n the bitten amimal’s blood,
such understanding might still be a matter of inference or con-
jecture

Indeed, a clever logician could frame a theory concerming the
effects of snake bite, which might decerve the uncritical Not
only the area about the bite but the entire mb swells rapidly and
extensively  The tissues become markedly distended with hemor-
rhagic edema fluid The minute vessels are greatly engorged and
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there 15 diffuse hemorrhage from the dissolution of vascular walls.
These observations indicate that death from the bite of a venomous
reptile can be explamned on the bams of local loss of blood and
flmd m the ijured area without resort to the supposition that a
poisonous substance absorbed from the bitten area exerted a
systemic toxc effect In support of this theory 1t 18 urged that
no poisonous substance has yet been 1solated and 1dentified as
such 1n the blood of amimals or man after snake bite

“But,” ohserves some critical reader “The injection of snake
venom intravenously or otherwise will cause the same signs of
iliness often ending fatally es those resulting from a snake bite
Pharmacologic evidence indicates that venom produces systemic
as well as local effects.” Quite true, but should not that same
logic apply also to the effects of extracts of normal tissues and of
substances resulting from proteolysis? Instances of such effects
are presented 1n the subsequent chapter

Refernng again to expenments by transfusion, 1n a few mg
mficant instances shock like phenomena are recorded 1n investiga
tions using tis method  Cormoley and Kotzareff produced shock
in guinea pigs and rabbits by traumatizing the imbs with repeated
Iight blows from a small hammer They then injected the blood
from these into normal anmmals of the same species A state of
shock developed in 6 guinea pigs and 2 rabbits so treated. In
another senes, the serum from the entire blood volume obtaned
from a guinea pig in shock was injected into the peritoneal cavity
of 2 normal guinea pig  Fatal shock was reported 1n 8 such tnals
Postmortem examinations showed marked pulmonary hyperemia
and petechual hemorrhages in the lungs and liver

McIvers and Haggard joined the posterior half of one cat with
the anterior half of another by vascular anastomoses Shock
produced by trauma to the imbs of the one caused & marked fall
n blood pressure 1n the untraumatized cat in several such expen
ments,

Kendnck, Essex and Helmholz made a more precise expenment
of a similar kind eliminating sources of error presented by direct
vascular anastomoses A heart lung imb preparation was made
on a dog under nembutal anesthema The aorta was canulated
and all other structures below the first lumbar vertebra were
scvered from the anterior part of the body Blood from the vena
cava was either returned to the reservoir of the heart lung hmb
preparation or was used for transfusion to a normal dog the
reapient  Each time a transfusion of a carefully measured quan
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tity of blood was given to the recipient, an equal quantity of his
blood was withdrawn and added to the reservorr of the heart-lung-
limb dog This prevented any significant changes m the total
blood volume of either dog Exchanges of 100 cc quantitics were
made at intervals of about ten minutes during the experiment
After both dogs had been prepared, the thigh muscles of the heart-
lung-imb dog were traumatized

Blood from unaffected limbs or from limbs traumatized for short periods
did not produce shock 1n the recipients as determined by blood pressure and
the concentration of hemoglobin during the period of observation Blood
from limbs traumatized for thirty-five to forty minutes caused a sigmficant
decrease mn blood pressure within forty minutes after the first exchange of
blood and death a few hours thereafter It 1s concluded that the
results of the experiments described in this report furmish suggestive, but
not conclustve, evidence for the toxemia theory of shock

Best and Solandt reported results of experiments arranged by
connecting a rotary exchange transfusion pump between the
vessels of 2 heparimized dogs This apparatus mamtained a con-
tinuous exchange of exactly equal volumes of blood between the
circulations of the two amimals The exchange of blood, prior
to the onset of shock, had no effect on the blood pressure of either
ammal Usmg a techmque for producing trauma with little or no
hemorrhage, they produced profound shock with msigmficant
fluid loss at the site of mjury, and the arterial blood pressures of
both dogs declhined at approximately equal rates They inter-
preted this as indicating the effect of a shock-producing agent
conveyed by the blood They concluded that there 1s a factor 1n
the production of shock, which acts on tissues which have not been
directly affected by mechanical mjury They found evidence
suggesting “that a toxic substance or substances released from
mjured tissues may play a roéle in the production of traumatic
shock ” Attempts to identify these substances chemically were
not successful

Recently (1941) Freeman, Cullen and Schecter produced shock
in sympathectomized dogs by numerous light blows with a small
hammer The limbs had been bandaged and taped to prevent
local extravasations of blood and fluud An adequate circulation
was maimntamed as indicated by a normal peripheral blood flow,
sustained blood pressure and a normal oxygen saturation of venous
blood Even under these circumstances traumatic shock could
be produced m totally sympathectomized dogs Charactenstic
pathologic changes occurred m the viscera and the blood volume,






CHAPTER VII

CIRCULATORY EFFECTS OF TISSUE SUBSTANCES

MANY observations on the crculatory effects of tissue extracts,
protemns, protem-spht products and metabohtes, have been
recorded These become understandable when considered
relationship to the capillary reactions previously discussed
Increased flow of lymph as resulting from damage to endothelium
was explamned 1n Chapter I Heidenhan’s observation of a fall
1n blood pressure accompanied by mcreased concentration of the
blood as a charactenstic effect of lus “lymphagogues,” 1s highly
significant because of 1its relationship to endothehal damage
Intravenous mnjections of vanous proteins and products of protem
cleavage produce an increased flow of lymph and, if large doses
are given, immediate death by circulatory faillure may result
The imnterpretations of Ebbecke, Krogh, Dale and Lewis, men-
tioned 1n the preceding chapter, make such circulatory effects more
intelhigible It 1s pertinent to review some of those observations
before considering other proposed explanations for shock

Richet (1906) described the severe illness, circulatory collapse
and death which resulted from injecting extracts of actima and
of other manne animals into dogs

Shortly after the toxic dose has been injected intravenously the dog 1s
seized with intense vomiting and diarrhea  The prostration 1s almost
immediate The animal lies down and breathes with difficulty However
there are no marked cardiac phenomena That which dominates the scene
i1s the violent abdominal distress with diarrhea, intestinal hemorrhages
which sometimes are profuse, rectal tenesmus and in severe cases hypo-
thermia  The vomutus usually contains blood At autopsy one finds a
diffuse exudation of blood 1n the mucosa of the stomach and of the entire
intestinal canal throughout its length  Frequently there are hemorrhages
in the peritoneal and endocardial surfaces

The visible effects upon the minute vessels in the viscera were
so marked that Richet comned the term congestin to mndicate the
toxic substance which produced them

Hamburger found that filtrates of various bacterial growths
caused an increased flow of lymph It 1s well known that these
will cause death by circulatory failure if given intravenously in
sufhicient dosage

Asher showed that bile, bile salts and foreign scra cause an

(78)
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increased flow of lymph when grven ntravenously to dogs Bule
or 1ts selts will produce varying degrees of shock if injected intra
venously, intraperitoneally or subcutaneously into dogs (Horrall
and Carlson, Harmon, Harkins ¢f a!) Moon and Morgan pro-
duced shock ending 1n death at mntervals varying from a few
minutes to a few days by injecting varymg doses of bile or of
sodium glycocholate  The blood of these dogs became marhedly
concentrated after the injections, and the viscera at postmortem
examination showed the changes charactenstic of shock

Chittenden, Mendel and Henderson injected proteoses, peptones
albumoses and other products of the partial digestion of protemn
mto dogs A decline 1n blood pressure, delayed coagulability of
blood and an 1ncreased flow of lymph were the results. The lymph
contained an increased percentage of protein and was reddish 1n
color because of erythrocytes which 1t contamned.

Vaughan produced a crude poson by hydrolytic cleavage of
vanous protetns Minute quantities of this, given to anumals
mtravenously, caused severe illness which often ended 1n death
by arculatory faulure Underhill and Ringer compared the effects
of this potson on animals with the effects of peptone and of hista
mine It was found that each caused an immediate dechne in
blood pressure accompamed by hemoconcentration  The effects
of Vaughan s crude poison were more severe than those of either
peptone or histamine

Dale and Laxdlaw (1911-12) found that small doses of histamine
caused & marked increase mn the flow of lymph n dogs. Later
(1918) they showed that larger doses produce arculatory fulure,
not cardiac nor vasomotor 1n ongin, associated with a fall in blood
pressure  The total blood volume was reduced and the plasme
volume was decreased as shown by red cell count, hemoglobin
content and hematocnit readings. The authors saw a direct
relationship between the mechamsm of peptone poisoning, of
anaphylactic shock and the effects of histamine They regarded
the action of histamine as typifying the effects of a large class of
substances including bactena and their products extracts of
vanous tissues forcign sera and other protemns peptone and
other products of protemn cleavage As they saw 1t, the similanty
between these unrelated substances lay in the fact that they have
onc property 1n common  that of injunng capillary endothelium
The central feature of the systemic effects of these agents 15 ol
gemua resulting from capillary atony leakage of plasma and
consequent hemoconcentration
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Dale (1935) stated definitely that shock followmng trauma 1s
not due to histamine posoning but he adhered to the onginal
explanation that other substances absorbed from mjured tissues
gradually mduce capillary permeabihty resulting m effects like
those of Instamine He warned against accepting too readily the
evidence indicating that shock 1s due solely to loss of blood and
fluid 1n the traumatized areas ‘I do not think that the evidence
yet advanced entitles us to rule out some form of toxemia in some
kinds of shock ”

Turck (1897) showed experimentally that products of dis-
mtegrating tissues are poisonous when 1njected into animals, and
beheved that wound shock 1s due to toxic products absorbed from
damaged tissues Schafer and Moore (1896) found that the
mtravenous mjections of extracts of brain substance 1s followed by
a marked fall in blood pressure Vincent and Sheen (1903) con-
firmed that report, the intravenous injection nto cats of 5 cc
of such extracts caused a fall in blood pressure accompanied by
an increased volume of an intestinal loop and of the leg, as shown
plethysmographically Increased volume of tissues results from
an increased amount of blood or flmd in the part affected, and
indicates a circulatory disturbance They produced similar results
with extracts of striated, non-striated and cardiac muscle, kidney,
liver, spleen, testes, ovary, pancreas and lung They believed
that the depressor effects resulted from the direct action of these
substances upon the blood vessels and concluded that extracts of
normal tissues lower the.blood pressure by causing vascular
dilatation Carlson, Woelfel and Powell (1908) reported exactly
similar results from experiments of this kind  Injections of
extracts of pancreas, salivary gland, gastro-intestinal mucosa,
liver, spleen, kidney, lung, testis, thymus, thyroid and muscle
were found to produce depressor effects 1n varying degrees

Popielskr (1909) gave extracts of intestinal mucosa to dogs by
intravenous mjection These produced a sudden marked fall m
blood pressure accompanied by acute illness, vomiting, urination,
liqud defecations, salivation, weakness and collapse If death
did not follow, these disturbances disappeared as the blood pres-
sure returned to normal Similar effects followed njections of
extracts of bram, cord, pancreas and of erythrocytes He com-
mented on the fact that the blood of animals, after mjections of
tissuc catracts, became incoagulable In onc mstance, blood
drawn from an artery remamed unclotted for sixty-four hours
He attributed these effects to “vaso-dilatin’’ which he showed to
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be a constituent of normal cells In order to obtain it the cells
must be mechanically injured, mashed or lacerated uninjured
cells would not vield it. These observations are of particular
mgnificance 1n the hight of the subsequent work of Ebbecke and
of Lewns described 1n the precedmg chapter  Perret reported that
“myoserum,” the juice pressed out of muscle, produced highly
toxc effects when injected

Miller and Milier reviewed many preceding reports on the
effects of organ extracts and recorded their own results with saline
extracts of parathyroid, thymus, bran, cord, hver kidney, splecn
pancreas, prostate, ovary and testis, Extracts of spleen rmsed
the blood pressure the others invarably caused a fall i blood
pressure when mjected  Alcoholic extracts of most tissues had
no such effect, excepting those of bramn and cord, these caused
the pressure to fall Fawcett, Rogers, Rake and Beebe extracted
normal tissues and removed the coagulable proteins from the
extracts by preapitaton The tissues so treated were liver
thyrord spleen, thymus, pancreas muscle and others ‘The njec
tion of extracts so prepared caused an immediate fall i the
blood pressure and an mncrease in the pulse rate

Stone, Whipple and Bemherm made aqueous extracts of the
mucosa of strangulated loops of bowel The intravenous injection
of such extracts caused immediate illness shown by vomuting
defecation, unnation, and profound prostration  The vomutus,
feces and unne contained blood, the blood pressure dechned
remdly and death by arculatory failure resulted  No erythrocytic
counts nor hemoglobin estimations were reported The post
mortem findings were 1dentical to those later shown to be char
actenstic of shock. The authors attributed these effects to toxic
substances contained in the damaged mucosa

Delbet and Karajonopoulos made a sterile autolysate of rat
muscle  The intrapentoneal njection of this into rats caused
marked illness and death  Out of 22 rata so treated, 14 died within
an hour and 6 in from four to twenty hours

Cornioley and Kotzareff traumatized the muscles of guinea pigs
and rabbits by methods similar to those used by Cannon and
Baylss These injunies caused symptoms of shock usually ending
i death 1 a few hours Shock was delayed or prevented by
blacing a tourniquet around the limb above the traumatized area
or by amputation of the injured parts. Extracts of the trauma
tized tissues caused cvidences of shock mn normal anlmels when
injected intrav enously

6
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Phemuster and Handy found that normal erythrocytes, trauma-
tized by shaking, give ongin to a vaso-dilator substance The
transfusion of these mto normal animals of the same species
caused marked vaso-dilatation and a decline m blood pressure
Similar transfusions of non-traumatized blood had no such effects
Injections of laked blood produced effects like those of traumatized
red cells Gesse reported similar results from njections of hemo-
lysed blood

Wangensteen and Waldron tested the effects of autolysed
tissues by placing portions of hiver, pancreas, spleen and intestine
in the peritoneal cavities of dogs In other expeniments they first
stenhized the tissues then allowed them to autolyse for varymng
periods #n miro  The injection of sterile products of autolysis
caused degrees of illness varying from immediate death, delayed
death to recovery Chemical examination showed a decrease n
the blood chlorides and an increase 1n the non-protemn nitrogen of
the dogs treated by autolysis 2 v1v0

Mason and his collaborators found that the autolysis of normal
Iiver substance 21 w90 produced marked ntoxication, loss of blood
volume and death in dogs In these experiments a small portion
of liver was clamped, excised, weighed and dropped back mto
the peritoneal cavity of the same animals Death followed regu-
larly 1n fifteen .to twenty hours They attrnibuted this to toxic
substances derived by autolysis of liver substance ~ Andrews and
his associates repeated Mason’s experiments and venfied his
results They found also that bits of liver implanted n the chest
or subcutaneously produced intoxication and death In a later
report Mason and Lemon occluded the blood supply to a portion
of the liver in dogs These amimals developed low blood pressure
and died 1n fifteen to eighteen hours They allowed hiver substance
to undergo autolysis 722 vuiro and jected the autolysate into
normal dogs Small doses caused a rise 1n blood pressurc while
larger doses caused an opposite effect Doses of 7 or 8 cc were
usually fatal and an njection of 10 cc caused 1mmediate death
by shock

Blalock’s results from one group of experiments are similar in
character to those quoted He obtained fluid from the normal and
from the traumatized tissues of dogs m which shock had been
produced by bruising the muscles Flud from non-traumatized
extremities was mjected mto 5 dogs In 4 of thesc there was a
marked dechne 1n the blood pressure during or immediately after
the mnjection  One of these died five hours later It was behieved
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that the others would have recovered 1f they had been allowed to
Lve Flwd obtained from traumatized tixsues was njected mtra
venously into 9 dogs  Eaght of these died at perfods varying from
a few minutes to twenty four hours after the injections.

These findings are highly sigmficant 1n view of Blalock’s con
tention that shock 18 due to loss of blood and fluid at the site of the
trauma  Blalock’s sole crterion for shock was a decline n artenal
blood pressure  Judged by this critenon, these dogs died of shock
produced by the mjection of finids from normal and from traums
tized tissues without local loss of blood or flusd
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Moon and Kennedy produced shock in dogs by mtroducing
fresh finely chopped dog musde into the pentoneal cavities of
normal dogs by injecting fat free neutralized watery extracts of
muscle intrapentoneally, by intravenous injections of the same,
and by mntraperitoneal or Intravenous injections of autolveate of
dog muscle  In later expenments watery cxtracts of intestinal
mucosa, from normal arcas and from the hining of obstructed loops
of bowel were shown to have simlar cffects (see Fig 4) 1Ineach
mstance these caused the evidences of illness usually seen 1n
shock hemoconcentration, and the postmortem findings were
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those regularly present after death by shock in animmals and m
man A detaled discussion of the latter 1s given in Chapter X1

Coonse and his collaborators compared the effects of trauma
and of hemorrhages upon healthy dogs of a similar type and size
Repeated trauma was made upon the muscles of the legs until the
blood pressure sank to the cnitical level The traumatized muscle
together with 1ts blood and fluid was finely chopped and extracted
with saline solution The mjection of this caused illness, low
blood pressure, hemoconcentration and other evidences of shock
Hematocnt readings and blood counts showed hemoconcentration
after trauma, but followmg hemorrhage the opposite picture of
hemodilution appeared They differentiated shock from hemor-
rhage by this test and by the presence of marked acidosis 1n shock
and the absence of 1t after hemorrhage They stated that the
postmortem findings resembled 1n every particular those descrnibed
by Moon and Kennedy The large veins and heart contained only
a small amount of blood There was marked congestion of the
small vessels in the viscera The blood was dark, thick, wiscid
and slow to clot The tissues after death from hemorrhage
showed the pallor which 1s charactenstic of exsanguination

Konig made extracts of fresh, finely ground rabbit muscle in
saline solution These, after filtration and centnfugation, were
given by intravenous injection to rabbits One cc of the filtrate
caused signs of collapse and a dechne 1n the arterial pressure of
40 to 60 mm of mercury The injection of 2 cc caused fatal
shock He noted that muscle extract which has stood thirty to
sixty mimutes lost much of its toxic properties Komg beheved
these experiments 1illustrated the mechanism of shock resulting
from extensive mjury to muscle These experiments were repeated
and the results and interpretations confirmed by Schorcher He
recorded congestion of the viscera after such injections

Pressor and Depressor Effects.—Many mvestigators have con-
firmed the observation that extracts of various tissues will disturb
the arculation if given ntravenously Much discussion arose
over the observation that in some experiments the blood pressure
rose while 1 others 1t dechned Attempts were made to explain
this on the supposition that extracts of tissues contamed both
pressor and depressor substances Later 1t was shown, as mn the
experiments of Mason and Lemon, that an extract caused a rise
n pressure if given n small dosage, while larger doses of the same
eatract caused the pressure fo decline  Hence the differentiation
into pressor and depressor substances was not vahd

Crile studied the circulatory effects of various forms of trauma
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on dogs The earhest arculatory effect was & r1s¢ 1n the arterial
pressure which subsequently declined as arculetory failure devel
aped  Numerous other workers have shown that various forms of
tissue abuse produce an imtial nse in artenal pressure  The decline
1n pressure would occur later when the effects of the tissuc abuse
became more pronounced

Both these phenomena are explunable as the action of the
mechanism of compensation previously discussed The earhest
effects, dther of tissue extracts or of traums, upon the arculation
bnng the compensatory mechanism to action  Activity of the
sympatho-adrenal system results in shmulation to the heart
artenial vaso-constniction contraction of the spleen and the dis-
charge of its reserve volume of blood into the airculation  These
effects cause the arterial pressure to rise, 1t falls only when the
compensation 1s no longer adequate That effect may result
when large doses of an extract of tissue or other injurious agent
1s given, or when the effects of tissue abuse are no longer com
pensated

Summary —It appears that many substances denved from
amumal tissues, includig aquecus extracts, proteoses, peptone,
other products of protein cleavage and extracts of various manne
ammals, also bactenal protan and products of bactenal metab-
olixm, histarmne, bile and 1ts salts produce arculatory disturbances
accompanmed by hemoconcentration, low blood pressure and other
shock like manifestations when introduced into the blood stream
Products of the autolyms of normal tissues 1n vivo affect the
circulation in a sumilar fashion

Apparently the substances mentioned, and others whose action
1s mumilar produce their effects by increasng the permeability of
capilary endothelium The resulting disturbances of the aircula
tion depend m part upon the degree and extent of this effect upon
endothellum

Whether such substances cause a transient increase or a decline
in the blood pressure depends largely upon the dosage  When the
clfects of small doses are completely compensated the blood
pressure may rise Larger doses for which the compensation 13
inadequate cause the pressure to decline

An understanding of capillary reactions makes intelligible the
phenomena discussed mn this chapter The observations cited
appear to integrate smoothly with the pathologic physiclogy of
endothelium  also they support the conclusions of the Committee
on Wound Shock and Allied Conditions as summanzed in the
preceding chapter



84 CIRCULATORY EFFECTS OF TISSUE SUBSTANCES

those regularly present after death by shock in ammals and m
man A detailed discussion of the latter 1s given in Chapter XI

Coonse and his collaborators compared the effects of trauma
and of hemorrhages upon healthy dogs of a similar type and size
Repeated trauma was made upon the muscles of the legs until the
blood pressure sank to the critical level The traumatized muscle
together with its blood and fluid was finely chopped and extracted
with saline solution The mjection of this caused illness, low
blood pressure, hemoconcentration and other evidences of shock
Hematocnt readings and blood counts showed hemoconcentration
after trauma, but following hemorrhage the opposite picture of
hemodilution appeared They differentiated shock from hemor-
rhage by this test and by the presence of marked acidosis in shock
and the absence of it after hemorrhage They stated that the
postmortem findings resembled 1n every particular those described
by Moon and Kennedy The large vemns and heart contained only
a small amount of blood There was marked congestion of the
small vessels in the viscera The blood was dark, thick, visad
and slow to clot The tissues after death from hemorrhage
showed the pallor which 1s charactenstic of exsanguination

Konig made extracts of fresh, finely ground rabbit muscle in
saline solution These, after filtration and centrifugation, were
given by intravenous mjection to rabbits One cc of the filtrate
caused signs of collapse and a dechine in the arterial pressure of
40 to 60 mm of mercury The injection of 2 cc caused fatal
shock He noted that muscle extract which has stood thirty to
sixty minutes lost much of its toxic properties Konig beheved
these experiments illustrated the mechanism of shock resulting
from extensive injury tomuscle These experiments were repeated
and the results and interpretations confirmed by Schorcher He
recorded congestion of the viscera after such mnjections

Pressor and Depressor Effects.—Many investigators have con-
firmed the observation that extracts of various tissues will disturb
the circulation if given intravenously Much discussion arose
over the observation that in some experiments the blood pressure
rose while m others 1t declined Attempts were made to explain
this on the supposition that extracts of tissues contamed both
pressor and depressor substances Later 1t was shown, as in the
experiments of Mason and Lemon, that an extract caused a r1s¢
in pressure 1f given n small dosage, while larger doses of the same
extract caused the pressure fo dechne Hence the differentiation
mnto pressor and depressor substances was not vahd

Crnile studied the circulatory effects of various forms of trauma
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on dogs. The earhiest airculatory effect was a ris¢ in the artenal
pressure which subsequently dechined as arculatory failure devel
oped  Numerous other workers have shown that various forms of
tissue abuse produce an imtial nse 1n artenal preasure  The decline
wn pressure would occur later when the effects of the tissue abuse
became more pronounced.

Both these phenomena are explainable as the action of the
mechansm of compensation previously discussed The earliest
effects, either of tissue extracts or of trauma, upon the arculation
bnng the compensatory mechanism nto achon  Activity of the
sympatho-adrenal system results m stimulation to the heart,
artenal vaso-constriction, contraction of the spleen and the dis
charge of {ts reserve volume of blood into the arculation These
effects cause the artenal pressure to rise, 1t falls only when the
compensation 1 no longer adequate That effect may result
when large doses of an extract of tissue or other injurious agent
18 given, or when the effects of tiysue abuse are no longer com
pensated.

Summary —It appears that many substances denved from
animal tissues, including aqueous extracts, proteoses, peptone,
other products of protemn cleavage and extracts of vanous manne
animals, also bactenal protein and products of bactenal metab-
ohsm histarmune, bile and its salts produce arculatory disturbances
accompanied by hemoconcentration, low blood pressure and other
shock like mamfestations, when introduced into the blood stream
Products of the autolysis of normal tissues t# proo affect the
arculation 1n a smmilar fashion

Apparently the substances mentioned, and others whose action
18 similar produce their effects by increasing the permeability of
capillary endothelum  The resulting disturbances of the arcula
tion depend 1 part upon the degree and extent of this effect upon
cendothelum

Whether such substances cause a transient increase or a decline
1n the blood pressure depends largely upon the dosage. When the
cffects of small doses arc completely compensated, the blood
pressure may nse Larger doses for which the compensation 1s
nadequate cause the pressure to decline

An understanding of capillary reactions makes intelligible the
phenomena discussed in this chapter The observations ated
appear to integrate smeothly with the pathologic physiclogy of
endothelium also they support the conclusions of the Committee
on Wound Shock and Allied Conditions as summanzed in the
preceding chapter
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In considenng the ugnificance of thest and of other simiar
expermments, the effects of uncomplicated hemorrhages 1 dogs
are pertinent.  Milroy showed that animals will restore the blood
to 1ts normal volume spontapeously m & few hours after losses of
more than one third of the total blood volume Roome Kesth and
Phemister showed that the volume of hemorrhage necessary to
cause death if occurnng within one hour in anesthetized dogs, was
586 per cent of the total blood volume if bled more slowly,
70 per cent of the blood volume was required  Swingle and his
sssocates found that an unanesthetized dog recovered spon
taneously after mithdrawing blood amounting to 4 5 per cent of
the body weight within fifteen minutes  Spontaneous recovery
followed the more gradual withdrawal of blood amounting to
5.5 per cent of the body weight, ¢+ ¢, about 75 per cent of the
tota! blood volume. Estimated losses of biood and fluid com
parable to these, have not been reported as resulting from expen
mental trauma.

Evidence of redistribution of fluids after exther trauma or hemor
thage was shawn in another senes of expernments by Blalock and
s collsborators. The tssues about the infury had an mcreased
content of water and those elsewhere, particularly the muscles, had
lost water Thus redistribution of flurds is ighly important and
constitutes an unrecognized source of error (p 90)

The authors found no evidence of shock following the release of
the obstructed circulation from traurnatized areas. They injected
flud from normal and from traumatized bmbs inte normal dogs
A prompt dechne in the blood pressure, usually ending w death,
was the resuit (see p 82) The apparent significance of this
finding as indicating & condition of shock in these dogs, was
disregarded  They saw no evidence indicating the absorption of
substances from traumatized tissues which would affect the ar
culation systemically and concluded that shock can be expluned
satisfactorily as resulting from loss of blood and fluid at the site
of the trauma.

Similar studies were made on shocl produced by burns and by
mampulation of the intestines They believed that the flud Jost
m and about burned areas, and that lost from the pentoneal
membranes after mampulation was sufficent to explan the
arcuiatory {mlure 1n these conditions, wdependent of the abrorp-
tion of injunous substances from damaged tissues. However,
Blalock stated in a subsequent article that when death occurs
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twenty-four hours or longer after burns, the absorption of toxic
substances 1s probably a factor 5

Phemuster and his associates performed several groups of expen-
ments similar in character and in results to those of Blalock
Venous blood returning from traumatized limbs was collected and
transfused into normal dogs This did not produce evidences of
circulatory disturbance in them He concluded that if there are
vasodiator substances i blood from traumatized hmbs, they
are not 1 sufficient quantities to be detected by this method

At necropsy examination the limbs of dogs, 1n which shock was
produced by trauma, showed voluminous hemorrhage sufficient
to account for the fall in blood pressure It was stated that the
estimated loss of blood by trauma was sufficient 1n amount to
produce death if withdrawn in the course of an hour

The effects of crushing injuries to nerves accompanied by
prolonged faradic stimulation were observed They were unable
to produce manifestations of shock by these methods The effects
of trauma upon denervated limbs were compared with those of
trauma to limbs with intact nerves, the development of shock
was not retarded nor prevented by severing the nerves No
increased dechine of the blood pressure resulted from the massage
of traumatized hmbs Obstruction to the circulation by tourni-
quet, or by higature of the vessels leading to the mnjured area, did
not result 1n a fall in blood pressure when released They found
no evidence indicating absorption of injurious substances from
the areas of injury

The weights of traumatized hmbs were compared with those of
the corresponding untraumatized hmbs, following the method used
by Blalock The increase in weight of traumatized legs ranged
from 310 gm 1n a dog weighing 7 kg to 1057 gm 1n one of 20 kg
weight The average increased weight of traumatized limbs
38 such experrments was estimated as sufficient to cause death
by hemorrhage in dogs of similar size Hemoglobin estimations
and erythrocyte counts showed regularly a decrease in the con-
centration of blood, 1n no instance was hemococentration recorded
This was m contrast to their finding of hemoconcentration after
mjections of histamine

The necropsy findings were those charactenstic of death by
hemorrhage The heart and vessels contamed lttle blood, and
the mucous and serous surfaces were pale The traumatized
muscles contained extensive extravasations of blood which mfil-
trated the septa and formed large .collections 1n those areas,
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a balanced tipping apparatus which recorded lateral shifts of
weight kymographically The dogs had been anesthetized with
barbital One side of the amimal was then burned with a Bunsen
flame apphed through openings in the plaster cage An immediate
shift of weight to the burned side occurred Hemoconcentration
developed early but the blood pressure did not dechne until
shortly before death, which occurred 15 to 6 5 hours after the
burns The bodies were then bisected longitudimally for com-
parison of weights The bumed side outweighed the other by
15 per cent to 3 1 per cent of the total body weight The author
concluded that the accumulation of flud about the burned area
1s of importance and places the reaction 1n the category of second-
ary shock The inference 1s left to the reader that the circulatory
failure was due to the local loss of fluid

Comparisons of the weight of injured and non-injured halves of
the body include a factor of error which was not taken into
account When flud 1s lost from the blood, by hemorrhage or
otherwise, fluid 1s simultaneously absorbed from normal tissues
to replace that lost This 1s part of the physiologic mechanism
by which blood volume 1s maintained The mnjured tissues gamn
1n weight at the expense of those not injured and the latter tend
to become dehydrated This redistnbution of fluid was shown
by Blalock and by several other workers Suppose 100 gm of
fluid were so shifted the difference in weight of the two sides
would then be 200 gm , but the actual gawn of the affected side
would be only 100 gm The difference 1n werght mcludes twice
the volume of flud shifted by dehydration and redistmbution,
and such experiments provide no means for determimng what
amount of fluid 1s thus shufted Thus factor of error, multiplied by
2, occurs 1n all such computations

In defense agamnst this objection, Harkins stated that not more
than one-sixth of the dog’s total tissue had been damaged, hence
the factor of error was reduced to neghgible proportions None
the less, one repeats the observation that no shifting of flud from
one part to another of the burned side, would mcrease the total
weight of that ssde A gain in weight of that side indicates per se
that the flud came from elsewhere The difference represents
twrce the volume of flmd shifted from the normal to the njured
side  This factor of error seems to deserve consideration

Roome and Wilson obtamed flud from traumatized muscle
under great pressure mn a hydraulic press Sudden death fol-
Jowed the mtravenous njection of such flud m each of 6 dogs
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Muscle juce and flud, obtamed 1n the same manner, but freed
from sediment and fat by centnfugation, was mjected nto 3
heparmnized dogs This resulted m an increased blood pressure
1n 2 and a decrease in 1 Muscle extract, mjected nto the same
dog from which the extract was denved, caused the blood pressure
to decline Muscle juice, combined wth a bloody flnd from the
traumatized tissues, caused & moderate increase of blood pressure
in each of 5 dogs The mjection of bloody flud alone caused &
slight rise of blood pressure in 4 dogs and no pressure effects in 2
The injection of muscle juice alone caused a fall in blood pressure
1n 5 dogs and no pressure changein 1 In each instance the vana
tions 1n pressure were transfent

The amount of extract grven to 1 dog was stated, but no other
data a8 to dosage were given  Small doses of tissue extracts may
cause an increased blood pressure, while larger amounts cause
the pressure to fall The dosage given would seem to be important
in such expenments  The beanng of the recorded results upon
the mechaniam of shock 18 ambiguous their maxymum apparent
mgmficance is that they confirm the observations discussed 1n the
preceding chapter  Extracts of tissues may produce either pressor
or depressor effects, depending partly on dosage and partly on
the method of extrachon Notwithstanding the varying results
of these expeniments, the anthors interpreted them as invahdating
the theory of traumatic toxemia.

Freedlander and Lenhart repested and confirmed the expen
ments of Blalock. They concluded that shock resulting from
trauma can be explained as due to hemorrhage and to local loss
of fluid Holt and Macdonald performed a senes of expenments
by the same techmque Shock was induced by severe repeated
trauma to the limbs of ammals under barbitel anesthema. The
gan 1n weight of the traumatized limbs, was considered sufficent
to account for the collapse and made 1t unnecessary to assume the
absorption and general action of any histamme like substance
The transfusion of blood from traumatized limbs 1nto normal
animals showed no evidence of a depressor substance 1n the blood

A few other reports mught be dted, but all the workers used
mmilar methods and drew similar conclusions from the results,
These agreed that no effects on the systemic circulation could be
demonstrated as resulting from the absorption of tonc products
from the areas of injury, and that all the manifestations of trau
matic shock may be explained satisfactonly by the loss of blood
and/or flurd locally at the site of the injury
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Factors of error inherent 1n the techmque used in these and m
other series of expeniments, will be discussed mn a subsequent chap-
ter These sources of error must be considered before passing
judgment on the vahidity of the proposed explanation and of the
authors’ conclusions -

Nociceptive Nerve Impulses.—This theory 1s based upon the
supposition that nerve impulses originating 1n traumatized areas,
operate in some manner to cause a progressive deficiency of the
arculation  It, in a sense, reaffirms part of the logic which sup-
ported Crile’s first conception of shock

O’Shaughnessy and Slome made several types of experiments
on trauma, transfusions and amputations performed on amimals
under general anesthesia, using variations in blood pressure as a
criterion of the effects Blood drawn from the veins of traumatized
hmbs, did not cause shock when given to normal dogs by trans-
fusion

An apparatus was designed consisting of a small chamber
divided into 2 compartments by a membrane for dialysis This
was connected with the vessels of 2 dogs in such way that sub-
stances might pass by dialysis through the membrane from the
blood of one nto that of the other One of the dogs was~then
traumatized and 1mmediately his blood pressure declined rapidly,
ending in death wathin thirty minutes There was no evidence of
a depressor substance conveyed by dialysis into the blood of the
untraumatized dog

They established a crossed circulation, both arterial and venous,
between the hind leg of amimal A and the systemic circulation of
animal B That leg of ammal A was then traumatized, ammal A
developed low blood pressure and died but amimal B, which sup-
phied all the circulation to the traumatized hmb, was not affected
This was regarded as final evidence invahdating the supposition
that absorption of toxic substances 1s a causative factor in shock
resulting from trauma The authors concluded that toxemia,
due to histamine or to any other depressor substance, 1s not a
factor in the mechamsm of traumatic shock They regarded the
loss of blood and fluid locally and the discharge of nociceptive
nerve stimuli as the important causes for traumatic shock

A few features of these experiments deserve critical examination
Traumatic shock caused by injury to muscles alone, seldom
develops within four hours after the mjury ~Death within thirty
minutes ndicates the effects of other agencies The authors
assume that substances resulting from trauma to tissues are
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dialysable and that they are absorbed into the blood  Physiologiats
teach that such substances are colloidal in nature and are therefore
undialyzable also that they are not absorbed from the tissues mto
the blood but vea the lymphatics Overlooking both these objec
tions, one would wish the expenments to be of longer dumtion
than any of those recorded

The authors compared the gross and microscopic appearances
of the viscera after death 1n their traumatized emmals with those
seen after histamine shock They desenbed marked hyperemna,
edema and capillary hemorrhages after death by histamine
These features were present 1n less marked degree 1n the viscera
of traumatized ammals One must agree with them that this
finding indicated the effects of hemorrhage m the latter It
sppears that the dats in all such expenments represent the com
baned effects of anesthesia, hemorrhage and trauma as discussed
on pp 110-113

*Toxemia having been ehmnated as a causal factor we were
left wmith two remawning factos—fluid loss at the mte of the
trauma and the production of nerve impulses o that area.’
They measured the local fluid Joss in traumatized tissues and
found st madequate to account for more than a munor part of the
animals condition Amputation of the traumatized hmb from an
animal 1 shock was followed by a marked smprovement 1n the
animal s condition  Toxemis having been obviated as a factor
in shock this effect indicated that smputetion wnterrupted the
barrage of nerve impulses which if continued would have led to
shock

Blood transfusions equal in amount to the volume of fluid lost
locally 1 traumatized hmbs, produced only temporary benefit
The blood pressure rose immediately to the pre traumati level,
then declined progressvely  This result indicated to the authors
that Jocal Joss of flind was only a minor factor and that the effects
of the continuous barrage of noaceptive nerve impulses was the
major etiologc sgent.

They made osallographic records of impulses passing over
nerve trunks before dunng and after traums. These were given
a3 conclusive evidence that 2 barrage of nerve impulses develops
as & result of trauma and continues for hours thereafter They
sccured no ewvidence as to how this barrage operates to cause
arculatory failure but regarded this factor as fundamental to
an understanding of the ehology of traumatic shock

Cressman and Benr undertook to venfy the observations
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described on nerve umpulses after trauma, and to determine
whether these probably were causative agents in shock Nerve
action potentials were amphfied and recorded by an osallograph
No consistent barrage of impulses was shown under the same
experimental conditions employed by O’Shaughnessy and Slome
Increased nerve impulses were recorded from both traumatized
and mtact hmbs

In previous discussions the results of many workers were cited
mdicating that prolonged stimulation of peripheral nerves will
not cause manifestations of shock (205, 265, 306, 325, 361) Also
that complete anesthesia prevents sensory impulses, ongmating
i the periphery, from reaching the bramn (37, 68), and that shock
15 not prevented by severing all nerve paths between the trauma-
tized limbs and the bramn (30, 31, 141g) It has been shown
(168, 288, 415) that roentgen irraciation of the abdomen causes
the complete syndrome of shock This type of injury 1s entirely
painless, hence 1t would not cause noxious nerve impulses These
observations weigh agamst the theory that nociceptive nerve
mmpulses are important factors in the dynamics of shock
Hyperpotassemia —Scudder’s recent work lays emphasis on
the increased potassium content of the blood which occurs incident
to shock He sees a relationship between this and the fact that
certain unicellular marine animals will die 1if the potassium con-
tent of the surrounding fliid 1s raised to the level of the normal
potassium content present within those cells He draws an
analogy between this and the development of shock but does not
suggest the mechanism by which the hyperpotassemia occurs

The fact, shown by his data, that hemoconcentration regularly
precedes the hyperpotassemia ndicates that the latter 1s not a
primary causative agent but 1s more probably one of the group
of associated disturbances of physiology Alterations i the con-
centration of potassium and of other electrolytes were discussed
i Chapter III, and 1t was shown that such changes result when
living cells are injured from any cause, including anoxia  Scudder
does not state that shock 1s due to potassium poisoning, but
believes that the alterations in the potassum content of the
bloody fluids “serve as a measure of profound cellular changes ”
What those changes are and how they occur 1s not set forth

Emphasis on hyperpotassemia as a feature probably will not
aid matenally 1n either the theoretic or the practical aspects of
the subject It appears that the mcreased potassium content of
the blood 1s not a causative factor, but one of the resulting dis-
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turbances The techmical difficulty of making accurate determmna
tions for potasmum in body fluds makes 1t unlikely that this
measure will be adopted in hospital laboratories for chmcal pur
v

poﬁe Alarm Reaction —Selye called attention to the syndrome
which appears when severe mjury 18 nflicted upon the ammal
orgamsm. This syndrome is independent of the nature of the
damaging agent and represents a response to damage as such
Exposure to cold, traumatic njuries, excesnve muscular exerase,
spnal shock, anaphylsxis, acute infections and intoxnications with
varous drugs will evoke this syndrome, which 1s interpreted as
an expression of general defense  He explains shock as inadequacy
of the phymologic reactions by which the effects of various mjuries
are counteracted

The term alarm reachion 18 apphed to the sum total of the
biologic phenomena ¢hated by the sudden effects of damaging
agents. It represents & ‘“‘call to arms  of all the resources which
tend toward adaptation or defense Shock 1tself 15 defined as a
condition of suddenly developing intense systemic (general)
damage and 18 described as occurnng mn two phases, skock and
counter shock

The first phase includes tachycardia, a decrease in muscular
tonus and body temperature hemoconcentration, tranment rise
followed by decline 1n blood pressure, anuna high non-protein
mtrogen, acdoms, high potassum and phosphate content, &
decrease i the blood chlondes and blood sugar, leukopenia fol
lowed by leukocytosis, low basal metabolism, and the discharge
of adrenalin from the adrenal medulla. The accompanying tissue
changes include wvisceral congestion edema, effumons, gastro-
intestinal erosions and acute degeneration of parenchymatous
organs. This phase 15 interpreted as one of relative adrenal
wsufficiency It moy last a few minutes or twenty four hours
depending on the degree of the damage  Death may follow if the
degree of adaptability 18 hmuted, s+ ¢ if the defensive resources
ere madequate to counternct the damage

If the first phase does not end fatally, 1t 15 followed by the
second phase—that of counter shock~—consisting of a reversal of
most of the 1tems mentioned  There are hyperplasia and hyper
activity of the adrenal cortex, hemodilution increased blood supar
and blood chlorides decreased potassium and phosphates alla
losis direais ncreased metabolism and & rise 1n blood pressure
oand n body temperature
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This conception omuts essential parts of the problem from
consideration  Others have studied the mechanism by which
damaging agents disturb normal functions, Selye has focused
attention on the physiologic resources for counteraciing the dam-
age The former say the amimal dies from the systemic effects of
the damage, the latter attnmbutes death to inadequacy of the
defensive reactions Obwiously, interest should not be hmited
to the dynamics of the injury but should include also the counter-
active mechanmisms However, shock interpreted as inadequacy
of the physiologic defenses presents an uncompleted picture One
still would inquire by what mechanism are the circulation and
fluid balance disturbed and why are the metabolism, renal function
and chemical concentrations altered These disturbances of
function can hardly be regarded as adaptive or defensive in
character

The theories presented here, and one in Chapter V, illustrate
the existing confusion concerning the vascular dynamcs of shock
An analysis of a few sources for this confusion will be attempted
in Chapters IX and X



CHAPTER IX

SIMILARITIES AND DISTINCTIONS BETWEEN SHOCK
AND THE LFFLCTS OF HEMORRHAGES

CuNicaL mumilanties between shock and the effects of hemor
rhages are so numerous that the results have been regarded as
identical and the behef 13 widely held that hemorrhages will
produce the complete syndrome of shock I formerly supported
this view as lirmted to cases i which life 1s impenled by hemor
rhages “If the reduction of red cells and of blood volume 1s such
that anoxia develops, the munute vessels in extensive areas pres-
ently become atonic and the mechamsm of shock 13 supenmposed
upon the simple circulatory deficiency of hemorrhage This 18
hemorrhagic shock n the true sense It differs from traumatic,
toxic or other vaneties of shock only in the mechamsm by which
atony of the minute vessels was produced It does not differ 1n
its gravity nor in its tendency to progress to death ”

It was belheved that anoxa n the tissues, resulting from the
effects of hemorrhages, would cause endothelial permeability,
hemoconcentration and other features charactenstic of shock
Blalock had reported such results, and these comaded with our
views at that time, but expenments designed to substantiate that
belief produced results which were not anticipated  Data con
cerning these investigations have been published in detail (288%),
only the results will be summanzed here

Repeated efforts were made to demonstrate hemoconcentration
dunng the termunal state when normal unanesthetized dogs were
brought to death by repeated withdrawals of small amounts of
blood The total amounts withdrawn ranged from 56 per cent
of the body weight with death in 125 hours to 91 per cent of
the body weight causing death 1n 31.5 hours. After several with
drawals of blood each emounting to 1 per cent of the body weight,
smaller amounts were drawn, when effects became apparent the
amounts were reduced progressively to 20 cc and then to 10 cc
in order to approach the death point very gradually In no
instance was hemoconcentration demonstrable 1 every case
cach successive sample of blood was more dilute than the pre
ceding The degree of hemodilution ranged from 50 to 77 per cent
in 10 such experiments the average in these was 64 per cent

7 (97)
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Postmortem examinations were made immediately after death
and the visceral appearances mn each instance were those char-
actenistic of hemorrhage The tissues were 1schemic, pale and
dry, there were no engorgement of the minute vessels, no edema
nor effusions, and no petechiz No parenchymal necroses were
found by microscopic examination n any of the tissues These
visceral findings were substantiated 1n all the subsequent exper-
ments on hemorrhage (see Figs 5 and 6)

Fi6 5 —Photograph of lungs of a dog after death by repeated small
hemorrhages All the surfaces and tissues of such lungs are pale, tschemic
and dry

In another series the dogs were anesthetized by an intravenous
or intrapentoneal 1njection of amytal, 0 35 gm per kilogram, in
order to make continuous records of the arterial blood pressure
after hemorrhages The dogs were bled 1n measured amounts at
intervals from the femoral artery or ven  The duration of these
experiments, from the first bleeding to the death of the ammal,
ranged from four to thirty-one hours In the experiments of long
duration, several bleedings were done on the preceding day with
the dogs 1n a normal state Anesthesia and blood pressure readings
were 1mtiated only n the last four to six hours of the experiment
The maximal period of anesthesia i this group was 6 5 hours
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The hemorrhages necessary to cause death mn unanesthetized
dogs 1n comparable periods of time averaged 7 34 per cent of the
body weight This feature 1s illustrated by a companson of two
such experiments

Dog Weight Bled Hours Hemodilution
346 (No anesthesia) 10 0 kg 9 19, of wt 315 1%,
373 (Amytal) 10 8 kg 4 489, of wt 310 329,

It appears that amytal anesthesia hinders the normal process
of hemodilution after hemorrhages and that anesthetized dogs die
from the loss of smaller volumes of blood than do normal dogs
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Fic 7 —A volumetric comparison of normal blood with that present in
shock and that resulting from hemorrhage

If normal blood (first column) becomes concentrated 40 per cent, 1t will
have the composition shown in the second column Seven cc of such con-
centrated blood will contain the same volume of corpuscles (third column) as
10 cc of normal blood, 3 cc having been lost In shock with hemoconcentration
of 40 per cent, the normal blood has lost 30 per cent of 1ts fofal volume and 50

per cent of 1ts plasma volume
The fourth column 1llustrates the hemodilution which occurs when the cor-
puscles have been reduced by hemorrhages to 40 per cent of the normal

Significant differences were noted between the behavior of dogs
after hemorrhages and those in a state of shock from the absorption
of tissue substance The former were active, did not appear ill,
there was neither vomiting, diarrhea, nor evidences of urmnary
disturbance  Dogs i shock uncomplicated by narcosis, arc
mactive and manifest each of the features of illness mentioned
These apparent contrasts led us to make further comparisons, both
of observations recorded by others and of features developing
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under expenmental conditions.  Surpnisingly few data arc on
record concerming physiologc disturbances assocated with exther
shock or hemorrhage and no detailed companson of these has been
found

We found that dogs 1n shock with the blood pressure at a critical
Jevel were more senoualy affected by the loss of a small amount
of blood than were dogs with the blood pressure at the same level
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Cuaxt 2 —Blood pressure dunng shock  The xeale at the left shows arierm)
peemsure m millimeters of mercury  Los of biood is indsented volumetnically
by the height of the shaded columns clock time is shown at the bottom. After
1&mhhnd deelmed to 72 rom. three soceesmve bleedings totaling 35 oo
o 1

from repeated hemorrhages  Dogs were anesthetized with amy tal,
0035 gm per kilogram and en artenal canula was connected to
A mereunt manometer Jor contmuous record of blood pressure
Muscle pulp 4.5 gm per Lilogram was then introduced mto the
pentoncal cavity  Later when the mean blood pressuse had
declined to 70 mm Hg amall amounts of blood ax 10 to 30 cc,

minutes. Other
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ammals under the same experimental conditions were subjected
to hemorrhages only Regularly the dogs 1n shock succumbed to
far smaller hemorrhages than dogs whose blood pressure had been
reduced to a critical level by withdrawals of blood This feature
1s shown graphically in Charts 2 and 3
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CHART 3 —Blood pressure during hemorrhages Three bleedings, 100 cc of
blood each, were done on the preceding day The following day, blood pressure
record was mstituted under amytal anesthesia The withdrawal of 70 cc of
blood brought the blood pressure below 70 mm Hg A further loss of 195 cc
of blood, drawn n fourteen successive bleedings, was required to cause death

These results illustrate an observation frequently made that
a person or amimal 1n shock may not survive a shght loss of blood
which under other conditions would not be serious Also that
hemorrhage, when present, 1s a contnbutory factor of highest
importance

In a previous section (p 15) it was shown that an increased
flow of lymph accompanies the effects of various shoch-producing
agents This 1s directly related to endothehal permeability and
to the resulting disturbances of flmd balance In contrast to this,
hemorrhages are followed promptly by a decreased flow of lymph
In 2 experiments 1n which the thoracic duct was cannulated, hemor-
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rhages csused 2 sharp and persistent decrease 1n the lymph flow
This finding 13 m accord with observations of others upon this
effect of hemorrhage (Starling)

The water content of several tissues was determined by weiglung
accurately the fresh finely minced substance, desecating 1t com
pletely and weighing the rewdue to determune the water foss
Care was erercised 1n taking the specimen from the same area,
15 of muscle or bowel, 1n each nstance The tissues compared
were skeletal muscle bowel wall, pancreas, liver and kidney
The water content of these after death by shock 1 8 dogs, was
compared with that in 8 dogs after death by repeated hemor
rhages  The water content of the muscle and bowel wall was
markedly higher after death by shock, that of the hver was
shghtly higher and that of pancreas and kidney showed no aig
nificant change in this series of determinations. Adolph and his
associates reported a marked decrease wn the water content of the
tver after hemorrhages but found no mignificant dehvdration of
gkin and muscle

Blalock has reported some unusual chservations on visceral
changes n thock and after hemorrhages ''Edema, visceral con
gestion and accumulations of flmd 1n the serous cavities do not
occur in shock ’ (47 p 762) Subsequently he stated (47%7)
that exarmunation of tissues after death by hemorthages showed
visceral congestion edema and petechis! hemorrhages. Later
(47"} he wrote “The wnter has presented proof that lemo-
concentration, an unfovoreble response o trancfusion and capyl
lory congesiion ond edema may be produced m unanesthetized
ammals In uncomplicated hemorrhoge (Blalock’s itehcs) The
logic of these passages is somewhat eliptical in its course. Some
who have been disaiplined 1n the sciences of phymology and
pathology msy question whether the author gave an objective
view of the changes described or whether the pen recorded what
the mind pictured.

Physologsts agree in stating that hemorthage is followed by a
tranafer of fluid from the tissues to the blood  Hemorrhage 15 ‘ 3
most effectine way of moving water from outmde the blood
vessels into the arculating blood’ (Adolph)  Pathologists regu
larh have found the tusues to be mchemlic and dry when uncom
pheated hemorrhages have caused death

Trce Hanlon Longmire and Metcall recently published the
first of a scnes of reports on expenmental shock  This article
recorded observations made 10 the Department of Surgery, Johns
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Hopkins Medical School, on the effects of simple hemorrhages as
seen 1 37 dogs Their results confirm those which we have des-
cnbed The interval between the first bleeding and the death of
the amimals ranged between five and six hours Hemodilution
occurred regularly, the clotting time was reduced, the plasma
chlorides and sodium increased, the potassium and the non-
protemn mitrogen of the blood rose shortly before death Necropsy
showed pallor of the tissues and organs, no edema nor increased
wetness of the tissues, no abnormal fluid 1n serous cawvities, no
visceral congestion nor evidence of increased capillary permeabihty
was seen  They concluded “Evidence 1s presented to show that
capillary atony, ‘stasis,” and abnormal permeability of capillarics
probably do not occur in dogs following uncomphcated acute
hemorrhage ”

A serious derangement of fluid balance 1s an outstanding feature
of shock It1sevidenced by the hemoconcentration, the increased
flow of lymph, the reduced blood volume, the increased water
content of the tissues, by the mability to absorb flud from the
gastro-intestinal tract or from the tissues, and by mability to
retain fluid introduced directly into the blood

Patients or amimals affected by simple hemorrhages will absorb
fluds from the tissues, thus restoring the blood volume Suitable
flud given intravenously will be retained because endothehal
permeability has not been increased and the mechanism of fiuid
balance 1s not notably impaired

Delayed coagulability of the blood as a charactenistic feature of
shock was discussed in Chapter II  We found the clotting time
markedly lengthened in 10 dogs 1n shock After hemorrhages the
formation of fibrin 1s accelerated and the clotting time 1s shortened
(Best and Taylor) This acceleration 1s detectable within ten
muinutes after the hemorrhage (Castle and Minot) In our experi-
ments, the blood of dogs clotted normally 1n eight to twelve min-
utes After each successive bleeding the coagulation was more
rapid and, when the blood pressure had declned to the critical
level, the blood clotted completely in one to four mmnutes A
marked increase 1n the speed of coagulation occurred after hemor-
rhages i 9 out of 10 ammals on which observations were made
In 1 anmmal no sigmficant change occurred

We undertook a companson of the chemical and other hemato-
logic changes which occur durmng shock and after hemorrhages
It was realized that data derived from moribund animals are not
so rehable and may show variations not present before the animals
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fusion and alterations in the tissues result if the circulation remains
depressed for several hours ”

Before accepting these deductions 7 foto, the conditions of the
experiments should be examined thoughtfully r’étarhng showed
that artenal pressure below 80 mm Hg 1s insufficient to nourish
the myocardium, hence when the pressure remams below that
level for a time, airculatory failure of cardiac ongin supervenes
It 15 known that neither man nor ammals can long survive if
artenal pressure 1s maintained, by whatsoever means, below the
level mentioned This was exemplified 1n the experiments of
Cannon and Cattell in which a device for producing adjustable
hydrostatic pressure was applied on the outside of the heart
This hmited 1ts filling, also 1ts volume output, and reduced the
arterial pressure correspondingly After the blood pressure had
been held below 80 mm for a time, the device was removed but |
the circulatory efficiency was not restored and the ammals died

Certainly, when the blood pressure 1s maintained at 70 mm
continuously by hemorrhage or by any other means, a point will
be reached after which neither transfusion nor any other procedure
will restore circulatory efficiency Animals so treated inewvitably
will die In the experiments first cited, an item was overlooked
which bears directly on the validity of the conclusions When an
ammal 1s dying from any cause there 1s relaxation of vascular tonus
affecting particularly the capillaries and venules Anoxia which
regularly accompanies the morbund state, causes abnormal
permeability of endothehum If now a quantity of blood 1s intro-
duced, 1t will distend the atonic vessels and will produce visceral
congestion If death does not occur immediately, leakage of
plasma will cause both edema and hemoconcentration In the
experiments mentioned, more blood was remiroduced than had been
withdrawn, this would accentuate the effects mentioned The
same effects would be expected to follow 1f animals moribund from
any cause whatsoever, were given copious transfusions of bleod

Some may interpret such results as demonstrating that vascular
atony and endothehal permeability occur whenever an animal 1s
moribund  If these atonic vessels are distended by copious trans-
fusions, the resulting congestive phenomena descrnibed by the
authors would resemble those which are charactenstic of shock
It seems that these appearances of the viscera were 1n a scnse
artificially produced, they did not result from simple hemorrhages,
and that their significance was unduly magmfied by the authors

We have been unable to demonstrate hemoconcentration and
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the visceral pathologic changes of shock n animals brought to
death by repeated losses of blood  Nevertheless we believe that
capillary atony and endothelial permeability develop as termunsl
events when an animal 18 monbund from hemorrhages or from
any other cause. A highly wmportant difference between shock
and the effects of hemorrhages, as we sce st, 15 that endothehal
mjury and the resulting disturbances of arculation and of flud
balance occur as inshal derangements causing shock, while those
same disturbances develop only m the termunal or monbund state
after hemorrhages

Summary —Several features in the syndrome of shock occur
also after hemorrhages because either evokes the same phymologic
mechanism for counteracting the disturbances.  These ponts of
resemblance are arranged below n outhne form

Jtems Idemtical ww Botk Condipionr

Sympatho-adrenal actvigy
Stimulapon of myocardium
*Strang raptd pulse 1o early stages
*Periphera! vaso-constriction
Reduced volume Sow
*Penpheral schemia palior
*Loss of nume turgor
Duscharge of reservorr blood mto systemie cureulation
*Contraction of epleen
*Increased blood sugar

*Dilatation of pupils, often perspirarion
Low bamal mewbolum
“Declining cemperature
*Decreased atkalme reserve
*Decreased serum proten
*Increased respiratory rate, thirst
*Low arteral t&ood pressure (o late stages)
Death due to imadequate arculatory funenon

Inapient arculstory deficency from shock, hemorrhage or
other causes evohes compensatory reactions by the sympatho-
adrenal gystem resulting in fdentical responses  Most of the
defimtions which have been proposed for shock are combinations
:{ th;:bovc items, hence no dutinctions from the effects of

eorrhage were evident and the two condity regard
a3 wdentical one were ed

We have assembled the vanous physologic and biochemical

* Ne have venfed
.t apenmentally the findings m the items marked with an
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features which have been reported mn shock from wounds, burns
mtestinal obstruction, anaphylaxis and other causes, also reports’
on the same 1tems as observed after uncomplicated hemorrhages
These have been arranged in tabular form to facihtate companson

Ttems
*Endothehhum

*Flow of lymph
*Tissue fluid
*Fluid balance

*Pulmonary edema
*Absorption, gastro-intestinal
*Absorption from tissues

*Vomiting
*Diarrhea

*Effect of moderate loss of

blood

Transfusion of blood
*Saline solutions, intravenous

Renal
*Excretion
*Urine

Blood

*Coagulation time
*Hemoglobin, erythrocytes
*Specific gravity
*Non-protein nitrogen

Potassium
Magnesium

*Plasma chlondes

Necropsy Findings

*Edema of soft tissues

*Serous effusions

*Capillo-venous congestion

*Petechie
*Visceral 1schemia
Organ weight

*Gastro-intestinal tract
*Parenchymal necroses

Shock

Permeable to colloids

Increased
Increased
Disturbed
Frequent
Impaired
Impaired
Persistent
Frequent
Severe

Ineffective
Ineffective

Deficient

Concentrated, low vol-
ume, albumin, ery-
throcytes, bile, dé-

bris, etc

Lengthened
Increased
Increased
Increased
Increased .
Increased
Decreased

Characteristic
Present
Charactenistic
Characteristic
Absent
Increased
Dilated, atonic
Present

Hemorrhage

Impermeable to
colloids
Decreased
Decreased
Undisturbed
Absent
Unimpaired
Unimpaired
No vomiting
Absent
Mild

Effective
Often effective

Unimpaired
No characteristic
changes

Shortened
Decreased
Decreased
Decreased
Terminal increase
Decreased
Increased

None
Absent
Absent
Absent
Present
Decreased
Contracted
Absent

Medical history records mstances 1 which a symptom compley,
once regarded as a disease entity, Jater was shown to comprisc

* We have venfied expenimentally the items marhed with an asterick
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several more or less unrelsted conditions.  The terms leprosy and
Hodgkin's disease ongnally were apphed to groups of conditions
having clinfeal resemblances but later shown not to be 1dentical
Few terms have been used more loosely and indefiutely than
shock  Hence 1t is not strange that the effects of hemorrhage,
which cimeally resemble shock so closely, should heve been
included wathout disenmination in the broad apphication of that
term

It 1s remarkable that numerous important differences so long
have escaped the attention of those interested in these conditions
‘We humbly admt our own error in subscribing at one time to the
belicf that uncomplicated hemorrhages will produce the syndrome
of shock

Conclusfons — Points of similanty between shock and the effects
of hemorrhages result 1n part from the fact that each evoles the
same mechanism of compensation and mn part from the deficiency
of drculation which each produces

Pointa of contrast between shoch and the effects of hemorthage
are %0 numerous that the assumed identity of those conditions 1a
no longer tenable

Hemorrhage, when present, 1s a highly important contnbutory
factor becausce the derangement of fiuid balance which accompanies
shocl, interrupts the processes by which loss of blood is com
pensated

For the sake of accuracy, the expression shock and hemorrhage
should be substituted for the term kemorrhagic shock

We urge that investigators should not employ hemorrhage as
a means for produang shock expenmentally 1f the results so
obtained are interpreted as applying to shock erroneous con
clusions may be drawn



CHAPTER X

SOURCES OF CONFUSION

IT was suggested m the Foreword that four chief causes have
operated to delay final clarnfication of the mechanism of shock
The first of these, wnadequate knowledge of endothehal function and
of capillary reactions, has been obwiated by investigations on the
physiology and pathology of capillaries The second major
hindrance was a belief wn the 1dentity of shock and the effects of
hemorrhage This will no longer cause confusion 1if the relationship
between these conditions, as set forth in the preceding chapter,
1s comprehended A third confusing factor consists of sonrces of
error 1 expertmental methods and 1n deductions 1t 1s appropriate
here to explore the latter and to consider why intensive investiga-
tions, by dihigent and conscientious workers, have led to divergent
conclusions

Effects of Anesthesia.—One of the major factors contrnibuting
to circulatory failure from operations and injuries, 1s the effect
of deep anesthesia As early as 1876, Blum had noted this effect
and had adwvised against general anesthesia with chloroform when
operating on men suffering severe wounds Military surgeons
have reported that frequently a wounded soldier, whose apparent
condition was not critical, developed profound shock immediately
when anesthetized for operation Such occurrences are not rare
m the experience of surgeons who have to deal with severe acci-
dental mjuries

Dale found that histamine, 1 0 to 2 0 mg per kilogram, caused
immediate fatal shock when given by injection to cats under ether
anesthesia  Unanesthetized cats showed only transient effects
when given 10 times that dosage of histamme Mann concluded
that 1n many experiments the workers were dealing chicfly with
the effects of the anesthetic rather than of shock, and that this
accounts for much of the confusion concerning the latter

My associates and I began our studies on shock by the methods
commonly used for such experiments  Very early in these studies,
a healthy normal dog was given sodium phenobarbital, 0 3 gm
per kilogram, and an arterial cannula was mnserted prehminary to
inducing shock by trauma Shortly the blood pressure dechned
progressively a total of 93 mm Hg although no experimentation

(110)
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had begun  We immediately abandoned barbital as an anesthetic,
and acquired a distrust for data denved from such expenments
Robinson and Parsons recorded the observation that some of
thar dogs under barbital anesthesia, developed “spontaneous
chock ' Blalock recorded mmilar expenences and attnbuted the
dechne 1n blood pressure to “abnormal sensihvity to barbital ”
He wrote ‘In several ammals there was a mapid decline 1n the
blood pressure shortly after giving the barbital These expen
ments were discarded The level of the mean blood pressure was
used a3 a criterion of the degree of shock ¥ One infers that when
cxpenmentation had begun before the pressure fell the results
of such expenments were consdered dependable Apparently a
control on ths factor of the expenment was not regarded as
essential It was recorded that in one instance a dog under
barbital anesthesia succumbed to a loss of blood amounting to
only 15 per cent of s body weight. In 2 other dogs 1n the same
senes, death occurred from the effects of barbital wmthout any
loss of blood Yet such abnormal susceptibiity to mjury or
hemorrhege under barbital anesthesia has not been consmidered as
a posmible factor of error by authom who used this method

Gruber and Baskett studied the arculatory effects of sodivm
barbital and of sodium phenobartital Moderate doses of these
(05 to 05 gm) caused the blood pressure to decline mn 162 out
of 164 animals on which such tests were made Morgan and I
produced sublethal shock 1n dogs, as shown by hemoconcentration
and by the wvisceral changes seen postmortem, by causing deep
narcosis with sodum phenobarbital given by mouth A recent
treatise on Pharmacology states “Large doses of barbital depress
the central vasomotor center and penipheral vasodilatation and
hypotension follow Barbiturates also can produce dilatation of
the finer blood vessels by a direct effect on their musculature, and
may dilate and inyure capillary beds to such an extent that shock
ensues  (Goodman and Gilman)

It scems remarkable that investigators have failed to conmder
the cfiects of deep narcosis upon the blood pressure When vana
tions 1n pressure are used as a cntenon for shock, the magmtude
of this factor of error 18 mealculable

Factors in Treumatic Shock.—It was recogmzed that shock,
occurring under conditions of warfare often resulted from a com
bination of {actors rather than from 2 single one  These included
absorption from injured areas, delay mn operative treatment,
anesthesia  hemorrhage and others  Shock following acadental
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injuries includes combinations of the same factors The carculatory
farlure which develops after surgical operations combines the
effects of the disease which necessitated the operation, the anes-
thetic, the trauma to varous tissues, and such hemorrhage and
loss of fluid as resulted from the operation itself ~Although the
surgeon may assume, 1n a given case, that one or another of these
1s the chief factor, 1t usually 1s not possible to secure definite evi-
dence supporting the assumption nor to evaluate accurately the
mmportance of the other factors

Most of the methods used for producing shock experimentally
likewise entalled combinations of similar contnbutory factors
Highly important among these 1s anesthesia, as discussed 1n the
preceding section Hemorrhage and loss of fliid into mjured or
mnflamed tissues 1s another comphcating factor of high importance
It 1s known by everyone that extensive hemorrhage will cause a
decline 1 blood pressure and other signs of shock In many of
the experiments reported, the hemodilution which occurred before
death, the extensive hemorrhages found 1n the traumatized areas
and the pale, 1schemic appearance of the viscera after death—all
supported the authors’ contention that hemorrhage was the pre-
dominant factor 1in those experiments However, those expen-
ments provided no means for evaluating the effects of absorption
nor of anesthesia

A Combmation of Factors.—The circulatory deficiency which
develops after wounds and operations 1s the summative effect of
several factors Most of the experimental work on shock was
based upon combinations of the same factors For purpose of
llustration, the three most important of those items may be
designated as follows

Let X symbolize the effects of hemorrhage and loss of fluid

Let Y symbolize the effects of anesthesia

Let Z symbolize the effects of absorption from damaged tissues
Then shock resulting from trauma, burns or surgery, and that pro-

duced evperimentally by tissue abuse, may be represented by the

formula

X+4+Y+Z = SHOCK

A single equation containing two or more unknown quantities
1s as undependable 1n medical science as in mathematics LExperi-
ments in which these 1tems are combined merely prove that the
sum total of the effects caused circulatory failure of the type
called shock Such cxperiments can have absolutely no value as
indicating the relative importance of the individual items It s
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absurd even to assume that these items will have the same relative
value n any two cases or experiments, for their values in such &
combination are essentislly those of indeterminate vanebles

The method commonly used in studies on shock 18 to narcotize
an anunal decply with barbital or & mmilar drug  An artenal
cannula 18 mnserted, and the blood pressure and pulse rate are
recorded kymographically through a manometer Vanations in
these have been used as the sole cntenon of shock 1n most of the
expenmental work reported  Shock 18 then mnduced by extenmve
trauma to the muscles by prolanged manipulation of the mntestines
or by some other form of tissue abuse Such methods are open to
senous objections

A decline 1n blood pressure 12 not an accurate cnterion It often
results from other conditions and 1t does not occur early 1n shock
but appears only after both blood volume and volume flow have
been reduced

The deep narcosis used often causes low blood pressure and other
shock like mamfestations

Variable amounts of blood and fluid are lost incident to trauma
In some reports the workers showed convinaing evidence that
they were dealing elmost entirely with hemorrhage

Under such conditions of experimentation the recorded phenom
ena may be due either to the narcotic, or to absorption, or to the
rssocinted hemorrhage, or 1o part to each  Yet, ignomng the
effects of absorption and of anesthesma, far reaching conclusions
were drawn as to the ongin of the condition under conmderation

It may be stated with assurance that the combination of nde
lerminate variables described 1s responssble for muck of the confusion
which has surrounded the problems of shock This statement does
not imply cnticism of any author or group 1t merely directs
attention to uncontrolled factors in the expenimental method
formery used

A REVISION OF METHODS

Dependable studies on the pessible cffects of absorption must
not have the character of an cquation contaimng several unknown
quantitics In making such studies the chiet problem is ta
climinate ancsthesia and hemorrhage as confusing factors. When
hymographic records of blood pressure are used as the cnterion
for shock 1t 1s necessary that the amamal be deeply ancsthetized
To ehiminate the effects of hemorrhage and of encsthesia, a new

method of experimentation was evolved
3
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Hemoconcentratlor.l (see Fig 7) had been shown to be an early
and regular feature in shock resulting from wounds, 1t also had
been employed as a test useful 1n differentiating shock from
hemorrhage and in estimating the clinical condition of wounded
men Preliminary tnals of this test gave satisfactory and gratify-
ing results It was found that hemoconcentration occurred long
before the artenal pressure declined, both 1n clinical cases and 1n
experimental shock Accordingly hemoconcentration, 1 place of
blood pressure, was used as a diagnostic cniterion 1n a series of
experiments

The next problem was to arrange for the absorption of cyto-
plasmic substances without the confusing effects of either hemor-
rhage or anesthesia One method for accomphshing this was as
follows

A normal dog was anesthetized and killed The skin over the
thigh was shaved, scrubbed with soap and sterihized with Harring-
ton’s solution followed by alcohol A quantity of muscle was then
excised, ground finely 1n a meat chopper and suspended 1n saline
solution  Sterile instruments were used and ngid precautions
against contamination were observed.

A normal dog was then anesthetized hghtly with cther while
a slit about 1 inch long was made in the abdominal wall A
quantity of muscle pulp suspended in saline solution, was intro-
duced nto the pentoneal cavity through a funnel The ncision
was then closed with sutures Records were made of the pulse
rate, temperature, and of the hemoglobin and red cell count before
the operation and at intervals of two or three hours afterward

This procedure provided conditions under which the uncom-
plicated effects of absorption could be studied No blood was
lost by the operation, and the effects of the ether were regarded
as neghgible The anesthesia lasted only approsmmately ten
minutes The dogs recovered promptly and were normally active
for several hours until the effects of absorption developed

Severe 1llness developed within two or three hours when largc
doses, 4 gm to 5 gm per kilogram, were used Thirst was cvident
but drinking was followed by vomiting The vomitus contaned
bile, mucus and flecks of blood The urine was scanty and often
was tinged with blood Diarrhea frequently developed and the
feces contamed mucus and traces of blood The pulsc rate and
temperature rose and, although the peripheral parts became cold,
the rectal temperature remained high until death  The peripheral
circulation was almost abolished and 1t was difficult to obtan
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ood by vempuncture because of the emptiness of the vews.
lx;l!w it }v'vu sopme!imm difficult to obtan capsilary blood from
ears nose or paws for determumng hemoconcentration Ths
developed regularly, sometimes beginung within an hour after
the implantation of muscle pulp The concentration increased
progressively and its degree Was proportionate to the apparent
\lineas of the ammal A condition of collapse, relaxation and
stupor preceded death

Smaller dases of muscle pulp produced the same ugns of fliness
but 1t was slower in development and less marked in degree
Death did not oceur so early recovery often resulted when doses
Jess than 2.5 gm. per kidogram were used The accompanying
tabulation records the progress of one of our earhest experiments
on the effects of absorption

Tamx | —~Coxcantratiox or BLoob as Spock DmvzLors
Specific  Homaglohn Red

Hexr graniy percentape eells
630 au 1 060 101 5 110 000
T00 A u M uacls substance into peritoneum
10.30 m. 1 065 M 4,860 000
130 ru 1065 104 5 694 000
320 v 1067 108 § 626,000
4.50 P 1078 120 6,400 000
313 Pu 1078 130+ 7 450,000

Exactly the same type of resuits followed mmilar smplantation
of the substance of liver kudney and brun  When watery extracts
or autolysates of tissues were injected intravenously or intra
pentoneally iliness and hemoconcentration developed mmed:
ately  Thes produced effects of the same kind as followed smilar
m ecuons of hutamne This type of experiment was made on
more than 200 amimals and the results were umformly of the same
character The animals included dogs, cats, rabbuts monkeys
and guinea pigs.

The formula, \+Y +Z = Shock, was smphfied by eliminating
tems N and ¥ The results of this new method of expenmentation
wndicate that circulatory failure of the shock type may result fram
absorptron mdependent of hemorrhage, of local loss of flurd and
of anesthesia The absorption of normal tissue substance, or of
products demed from autolyss of tisues, appears to be the
important ctiologic factor under the conditions of these expen
ments.

Autolysis in Vivo - The results of Mason, Andrews and others
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(see Chapter VII), who produced shock by the autolysis of liver
tissue 222 v1vo, have becn interpreted by some as due to peritomtis
caused by bacterial growth in the liver substance and mn the
peritoneal flud  Elhs and Dragstedt suggested this explanation
and reported experimental results 1n support of 1t By Caesarean
section on a pregnant bitch near term, they removed pups ascp-
tically and placed the whole fetal Lhivers in the peritoneal cavitics
of normal healthy dogs, mn some experiments they implanted the
entire abdominal viscera No toxic effects resulted from these
procedures and they concluded that the results in the experiments
of Mason and associates probably were due to mfection

Subsequently Andrews and Hrdina repeated with aseptic
matenal, the previous experiments on autolysis Iresh dog hver
was autolyzed for twenty-four hours, then autoclaved and its
sterihty was proved by cultures This substance, 1n a dosage of
100 gm each, was placed 1n the peritoneal cavilies of four normal
dogs, each dog died within sixteen hours In other eaperiments
fresh dog lver was autoclaved, proved sterile by culture and 1m-
planted intraperitoneally as before This produced the same
result as autolysed hiver in 4 out of 6 dogs so treated They con-
cluded that the reactions described were not due to infections
since they could be produced by sterile material Their chemical
studies on the liver autolysate indicated that the toxic agent 1s
water soluble and thermostabile Results of precipitation and
Biuret tests indicated that the substance belongs in the albumose
group

Since similar objections have been raised regarding our autolysis
11 mvo experniments with muscle, hver, kidney and other tissues,
a more detailed consideration of the conditions and results 1s 1n
order

Intracellular enzymes are destroyed by heat, hence autoclaved
tissues will not autolyze but gradual proteolysis will result from
the action of enzymes and leukocytes present m the peritonecal
fluud  Obviously, the products of protemn digestion will be formed
and absorbed more slowly under this condition, and the effects
on the amimals will be less rapid and less severe  We have venfied
this fact expenmentally, Kennedy and I found that when auto-
claved muscle pulp was implanted, shock was delayed and less
severe than when fresh muscle pulp was used

Absorption 15 greatly retarded 1f tissue 1s implanted e masse
as compared with fincly ground or pulped tissue  Thisis illustrated
m the results of experiments by Parsons and Phemmster  “The
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was performed immedately after death and the residue of fluid
and pulp was collected from the peritoneal cavity with scrupulous
care A tared sponge was used to collect fluid from all parts of the
abdominal cawity, the sponge was weighed with the flud and
pulp, and the tare was subtracted This was done m a group of
10 consecutive experiments on shock by autolysis The results
are tabulated below

TasLc 2 —VoLUME OF FLuiD LosT BY ANIVALS IN SHOCK
Pulp and flurd

Dog Weght Pulp and salimne recovered D:fference
No kg wntroduced om gt
355 12 0 50 gm 100 cc saline 239 +89
356 14 0 63 “ 100 ¢ 160 -3
357 12 0 54 “ 100 “ 154 0
359 10 5 48 “ 100 “ 112 —36
361 08 49 “ 100 « 110 -39
362 91 41 “ 100 “ 90 —351
363 86 25 « 50 “ 95 420
370 130 43 “ 100 “ 300 57
376 80 24 “ 100 “ 100 —24
384 67 20 ¢ 100 “ 128 . + 8

It 1s seen that 1n half of these experiments the amount of fliid
n the peritoneal cavity at death was actually less than that intro-
duced In 4 instances there was an increase ranging from 8 to
89 gm The loss of 89 cc of fluid during 10 5 hours by a dog
weighing 12 kg would not appear to be a major factor in causing
death Amounts of plasma larger than this may be removed at
one time by plasmapheresis without producing notable effects

The flud present 1n the pentoneal cavity after death mn such
experiments 1s pinkish and turbid because of tissue fragments and
débris suspended 1n 1t Varymg numbers of leukocytes are found
but not in sufficient numbers to give 1t the characteristic of an
inflammatory exudate A type of large Gram-positive bacll 1s
usually present m the fluid described These are saprophytes of
the kind which can be cultivated from the hver, kidney, muscle or
bramn substance of normal dogs We have mnjected massive cul-
tures of these intraperitoneally 1n normal dogs without apparent
effect Quantities of the turbid fluid mentioned may be trans-
ferred to the peritoneal cavity of another dog, cqually without
effect It1s recognized that the growth of bacteria may hasten the
proteolysis of the implanted tissue, but similar bactenal action
would be a factor mn the devitahized tissues about battle wounds
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and acadental myunes, for all such wounds are grosaly contami
nated

For several additonal reasons, the cause for death n such
cxpenments obviously 18 not nfection Andrews and Hrdina
state that complete transection of the bowel, allowmg the discharge
of fecal matenal mto the pentoneal cavity will not cause death
in 8o short a time as the intrapentoneal autolyms of hiver sub-
stance This statement 18 corroborated by the fact that in our
experiments shock often has ended fatally 1 mx to ten hours
from autolyss of muscle substance in the pentoneum  We know
of no form of infechon which can be induced 1n dogs with such
results. Let it be remembered that dogs are highly remstant to
pentonitis and that 1t can be mduced 1n them only with great
difficulty

The signs of illness which accompany tissue autolyms 1» pioo
are not like these of mfection but are mdistingmshable from
those of shock from severe burns, listamine poisoning anaphylans
or the intravenous mjection of venoms, proteoses, bile, bile salts
and the hke The disturbances of renal function and the blood
chemucal changes are of the same neture durmg expenments by
autolyms and 1 each of the conditions mentioned, also these
changes are of the same pattern 1n traumatic shock 1n man (for
items see Chapters II and IX)

It is well known that damaged or necrotic tissues undergo
autolyms which releases intermediate products of protein cleavage
Numerous experiments have been cited 1 which watery extracts
of normal tissues, autolysates and proteoses have caused arcula
tory disturbances of the shock type when introduced into normal
ammals The results from autolysis s1 v indicate that similar
cfiects may follow when the ammals own hssues are njured

Let it be noted that autolyms 1 viro is only one of a wide vanety
of means by which we have produced shock expenmentally
Lmphasis on 1ts mgmficance has been necessary becaute many
have not been convinced that the absorption of products from
damaged tissues is a factor in caumng shock after extenmve trauma

Sammary —Much of the confusion concerning the mechamsm
by which shock develops, has ansen because of uncontrolled
factors in the expenments. When anesthesia, hemorrhage and
absorption of substances from traumatized tissues are combined
in the same expenment 1t 18 imposuible to determine which factor
caused the arculation to fail the recorded results may have been
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was performed immediately after death and the residue of fluid
and pulp was collected from the peritoneal cavity with scrupulous
care A tared sponge was used to collect flmd from all parts of the
abdominal cavity, the sponge was weighed with the flud and
pulp, and the tare was subtracted This was done 1n a group of

10 consecutive experiments on shock by autolysis

are tabulated below

Dog
No

355
356
357
359
361
362
363
370
376
384

The results

TABLE 2 —VOLUME OF FLUID LOST BY ANIMALS IN SHOCK

Wewght Pulp and saline
kg antroduced
12 0 50gm 100 cc salme
14 0 63 “ 100 “
12 0 54 “ 100 “
10 5 48 “ 100 “
10 8 49 “ 100 “
91 41 “ 100 “
86 25 « 50 “
130 43 “ 100 “
80 24 ¢« 100 “
67 20 “ 100 “

Pulp and flusd
recovered  Difference
gm gm
239 -89
160 -3
154 0
112 —36
110 -39
90 —51
95 +20
300 +57
100 —24
128 + 8

It 1s seen that in half of these experiments the amount of fluid
1n the peritoneal cavity at death was actually less than that intro-
duced In 4 mstances there was an increase ranging from 8 to
89 gm The loss of 89 cc of fluud during 10 5 hours by a dog
weighing 12 kg would not appear to be a major factor in causing
death Amounts of plasma larger than this may be removed at
one time by plasmapheresis without producing notable effects

The flmd present m the peritoneal cavity after death i such
experiments 1s pinkish and turbid because of tissue fragments and
débrns suspended 1n 1t Varymg numbers of leukocytes are found
but not in sufficcent numbers to give 1t the charactenstic of an
A type of large Gram-positive bacilh 1s

inflammatory exudate

usually present m the flid described These are saprophytes of
the kind which can be cultivated from the hver, kidney, muscle or
brain substance of normal dogs We have mjected massive cul-
- tures of these intraperitoneally in normal dogs without apparent
Quantities of the turbid fluid mentioned may be trans-
ferred to the peritoneal cavity of another dog, equally without
effect It1s recognized that the growth of bactena may hasten the
proteolysis of the implanted tissue, but simlar bactenal action
would be a factor mn the devitalized tissues about battle wounds

effect
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and acadental injunes, for all such wounds are grosly contami
nated

For scveral additional reasons, the cause for death mn such
experiments obviously 18 not infechon  Andrews and Hrdine
state that complete transection of the bowel, allowing the discharge
of fecal matenal mto the pentoneal cavity, will not cause death
1n 8o short & tume as the intrapentoneal autolyss of Liver sub-
stance This statement 15 corroborated by the fact that i our
expenments, shock often has ended fatally mn mx to ten hours,
from autolyms of muscle substance n the peritoneun ' We know
of no form of infection which can be {nduced 1n dogs with such
results  Let 1t be remembered that dogs are highly remstant to
pertomtis and that it can be mduced in them only with great
difficulty

The migns of illness which accompany tissue autolyss sn oo
are not hke those of mfection but are mdistinguishable from
thosc of shock from severe burns, histamine poisoning anaphylaxis
or the intravenous injection of venoms, protecses, bile, bile salts
and the like The duturbances of renal function and the blood
chemical changes are of the same nature dunng expenments by
autolysis and in cach of the conditions mentioned also these
changes are of the same pattern in traumatic shock in man (for
items set Chapters II and IX)

It 15 well known that damaged or necrotic tissues undergo
autolysis which releases intermediate products of protein cleavage
Numerous experiments have been aited 1n which watery extracts
of normal fissues, sutolysates and protecses have caused circula
tory disturbances of the shock type when introduced into normal
ammals  The results from autolysis t# preo indicate that mmilar
cfiects may follow when the ammals own tissues are injured

Let it be noted that autolyms i1 vrr 18 only one of a wide vanety
of means by which we have produced shock experimentally
Cmphass on 1ts sigmficance has been necessary because many
have not been convinced that the absorption of products from
damaged tissues 18 o factor i causing shock after extensive trauma

Summary —Much of the confusion concerning the mechanism
by which shock develops, has ansen because of uncontrolled
factors in the expenments. When ancsthesia, hemorrhage and
absorption of substances from traumatized tissues are combined
n the same experiment, it 15 impossible to determine which factor
caused the airculation to fail, the recorded results may have been
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due to the anesthesia, to the local loss of blood and fluid, to
absorption, or 1n part to each of these

Experiments were so arranged as to eliminate narcosis, trauma
and the accompanying hemorrhage and local loss of luud Under
these conditions it has been shown repeatedly that autolysis of
normal tissues 21 vwo will produce the complete syndrome of
shock

The results of these experiments on absorption coincide with
observations on the effects of tissue extracts and products of
protein cleavage cited in Chapter VII  They corroborate the
theory of traumatic toxema by relating 1t directly with capillary
pathology  That relationship 1s venfied by the methods of
pathology 1n the subsequent chapter



CHAPTER XI

THE PATHOLOGY OF SHOCK

A REVIEW of medical Literature reveals the remarkable fact that
no pathologst has undertaken a study of shock, nor have the
methods of pathology been apphed by others in their mnvestiga
tions. Apparently the behef that shock 1s purely a physiologic
cisturbance, uneccompanied by sigmificant morphologic changes,
had been accepted without question.

Yet there are numerous 1nstances in which the appearances of
the viscern were recorded without comment on therwr slgmificance
When seen 1n the light of present Lnowledge concerming capillary
pathology, these changes descnbed 1n the viscera were viable
evidence of endothelial damage Cumin (1823) descnbed edema,
effumons and the deeply congested appearance of the viscera, the
serosee and mucosz, after death from burns. These changes
have been confirmed as the charactenstic visceral alterations
resulting from extensive burns of the skin (sce Chapter XIT)

Dale and associates recorded the appearance of the organs of
cats after listamine shock. The viscera had a dull dusky red
color and the rmnute vessels were visibly distended and tortuous
Ruch gave lustamine to ammals both by local application and by
mjection, and recorded 1ts wisible effects both 1n viro and post
mortem  Congestion dilatation stasis and permeability of capil
lanes were found These confirmed the nterpretations of Dale
and others that shock from histamune 1s due to its effects on the
walls of the minute vesscls

Turck noted cyanotic congestion of the viscera after shock
produced by mjecting extract of tissues  Whipple and assocates
produced shock 1n dogs by injecting fluid obtained from obstructed
loops of bowel also by injecting extracts of intestinal mucosa
They reported marked congestion of the lungs liver, kidneys and
of the abdonunal wiscera. Mhcrescopic examination showed
engorgement of the munute vessels and evidence of dreulatory
stasis in the areas mentioned

Shernngton and Copeman (1893) recorded the development of
edema in the tissues, inadent to expenmental shock. Baylss
descnbed vascular engorgement in the iIntestines of cats after
shock produced by trauma and by the injection of extracts of

(121)
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muscle Cormoley and Kotzareff described the hemorrhagic and
hyperemic appearance of the lungs, gastro-intestinal tract, liver
and other viscera after traumatic shock m rabbits and guinea pigs

Keith described marked pulmonary congestion and edema after
fatal shock from battle wounds He stated that other tissues were
abnormally moist Congestion and edema of the mternal organs
are given as pathologic findings after wound shock, m the History
of the Medical Department of the United States Army m the
first world war.

Erlanger and associates recorded the appearance of the viscera
after shock produced in several ways Congestion of various
tissues was the most promnent feature The intestinal mucosa,
especially of the ileum, had the appearance of purple velvet and
contained numerous punctate hemorrhages The large venous
channels were collapsed and relatively bloodless but the venules
and capilanes were engorged “The most remarkable feature
though 1s brought to light by microscopic examination of the
mntestines 1n all types of shock the capillaries and venules of the
vill are tremendously distended by solid masses of red corpuscles ”
They stated that the findings were uniform i more than 100 dogs
used 1n such experiments

These authors are among the few who sensed a significant
relationship between the wvisceral changes described and the
mechamism of the arculatory deficency They found hemo-
concentration and decreased blood volume as regular features
during shock They attributed these to the leakage of plasma
into the tissues This, and the sequestration of blood m the
dilated capillaries and venules, reduced the blood volume and
impaired the circulatory efficiency

Morphologic Changes m Experimental Shock.—The observa-
tions cited led us to undertake experiments on shock for the pur-
pose of making gross and microscopic studies post moriem It was
hoped that these mught supply evidence contributing toward an
understanding of the onigin, nature and mechamsm of that con-
ditton The method described in the preceding chapter was
devised for producing shock by absorption, uncomplicated by
trauma, hemorrhage and anesthesia Thirty dogs were used 1n
the first sertes of experiments by this method The following 15
representative of the results in this series

A healthy female mongrel dog, weighing 90 kg, was given
36 gm of muscle pulp 1 200 cc of sterle salne solution 1ntra-
peritoneally at 200 py  Illness with vomiting and diarrhea
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began a few hours later The unne was scanty and browmsh
color  On the next day the dog refused food but dranb. coprously,
this was followed each time by vomiting The dog was mactive,
uresponsive when disturbed and evidently was very ill The red
cell count rose from 6,350,000 before the expeniment to 7,600 000
at 1000 A 1x. and to 9,000 000 at 6 30 par. on the following day
These counts represent concentration of 16 per cent and of 40 per
cent respectively, the tissues of the Limbs lost their turgor and
became flabby, the peripheral veins were collapsed and empty
and the ears, nose and paws were cold to the touch Death
occurred about thirty hours after the implantation

Postmortem examunation revealed mtense congestion of the
peritoneal and pleural surfaces  The venules in the omentum were
distended and those along the mesenteric attachment were abnor
mally prominent, engorged and tortuous. The mucosa of the
gastroantestinal tract had a deep purplsh cyanotic color, and the
lumen of the tract contained bloody mucus. The lungs were
deeply congested (see Fig 8), Likewise the liver and kidneys
Blood oozed and dnpped from the parenchyma of the liver The
spleen was contracted, firm and relatively bloodless, There was
moderate hypererma of the adrenals, pancreas, pencardium and
meninges, also of the conjunchivee. The perrpheral parts of the
body were pale and 1schemic

On mucroscopic examination the tissues of the viscera 1n general
showed marked distention of the capillanes and venules. Those
in the aveolar septa of the lungs were abnormally engorged (Fig
9) The small vessels in the intestinal vilh were distended with
closely packed corpuscles and there were numerous capillary
hemorrhages 1n the lungs, mucosee, and kidneys (Fig 10) The
splenic pulp was not congested but contmuned very few red blood
cells. 4 Acute parenchymatous degeneration was setn i the
myocardium hver and kidneys.

Thete findings corroborate the observations of the authors
referred to in the carly part of this chapter  The most mgmficant
features were the evidence of capillary damege 1n most of the
viscers.  The closely packed corpuscles in their Jumina indicated
arculatory stams and the microscopic hemorrhages showed not
only capillary atony but dissolution of the endothelium

Exnctly sunilar signs of 1llness developed in each of the other
amumals in thet sencs The accompanying hemoconcentration
ranged between 20 and 50 per cent  In many instances the
vomitus, feces and urine contained visible traces of blood Four
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dogs, which had recerved muscle pulp 1n doses of 3 gm per kilo-
gram or less, recovered The signs of 1llness were less marked 1n
these, and 1n noimnstance did the hemoconcentration nse above
20 per cent This subsided as the anmmals recovered Death
occurred in from ten to sixty hours i 23 of the dogs and m four
to six daysn 3

|

Fic 8 —Photograph of lungs of a dog after death by shock produced by
autolysis of tissue 17 vivo

Subsequently shock was induced i a large series of ammals,
mncluding dogs, cats, guinea pigs, rabbits, and rats, for determining
the effects of various types of treatment In these experiments,
tissue pulp of muscle, hiver and kidney from animals of the same
species, was implanted as descibed  Hemoconcentration was used
as the indicator of the circulatory deficiency The same pattern
of congestive, edematous and hemorrhagic changes, as described
above, were present in the viscera 1n these seres

In other groups of dogs, shock was mduced by burns and by
njecting various substances which had been found by other



Fi6. 9 —Photomierograph of lung after death by shock. Note the engorgement

of the enpiltanes and venules xod the numerous mymite hemarrbages.
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3

Investigators to produce this effect The substances included
histamine, peptone, extracts of muscle, of Iiver and of intestinal
mucosa, bile, sodium glycocholate and horse serum, both i
sensitized and n non-sensitized dogs In every instance, with
the exception of horse serum 1n non-sensitized dogs, the mjections
resulted i severe illness of the same type which followed the
implantation of tissue pulp Hemoconcentration occurred regu-
larly and promptly When the ammals recovered, the hemo-
concentration subsided When death resulted, the postmortem
findings were identically the same as found 1n the experiments
already described

In one group of experiments, a neutralized solution of trypan
blue, pH 7 6, was injected intravenously when examinations of
the blood indicated that hemoconcentration was developing
Extensive visceral areas were found at necropsy to be staned
with the dye These included the lungs and pleure, the pen-
cardium, the mucosa and the linings of the gall bladder, the renal
pelves and the bladder Iikewise the serous effusions in the pleural
and pericardial cavities were distinctly tinged with blue The
muscles and other peripheral tissues were not affected
. These results wndicate that capillary endothelum n ealenstve
visceral areas became abnormally permeable lo collords  The perme-
ability and the loss of flurd were not hunted lo the area of tissuc
wgury  Tlns finding 1s incompatible with the belef that shock 1s
due to loss of fluad in local areas of trauma

Morphologic Changes m Clinical Shock. —Postmortem observa-
tions were made after fatal shock resulting from operative pro-
cedures and from other causes The following mstance 1s typical

A white woman fifty-four years of age had been prepared for
colonic resection by a previous colostomy operation The resection
under ether anesthesia was begun at 8 00 A @ and was fimshed m
thirty-five minutes The patient’s condition as indicated by
pulse, respiration and blood pressure, was satisfactory when the
operation was fimshed The blood pressure was not only well
maintamned, 1t actually increased for several hours, so that at
6 00 » a1 1t was at its highest pomt Meanwhile hemoconcentra-
tion had developed steadily (see Chart 4) The erythrocytic
count rose from 3,720,000 before the operation to almost 6,000,000
nine hours later—a concentration of more than 60 per cent The
concentration of the blood three hours after the operation forecast
the impending circulatory collapse twelve hours before compensa-
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tion fmled Death occurred by shock twenty-six hours after the
operation

Necropsy examation showed cyanotic congestion and edema
of both lungs (sce Fig 11) This was diffuse n distribution but
was more intense in the postenor portions. There was blood
tinged serous fld i the pleural and pentoneal cavities  The area
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CHaRT 3 —This records the blood and bemoconcentratyon diuring
the dev clopment of postoperative shock (colomic ressction) Hemoconcentra

tion, evident in three hours after the operation, had reached 40 per cent m
nlnchmmuwhlch(h-netheb\oudmemmnthlh:ﬂmpmm

of surgical operation was not more congested and edematous than
elsewhere and there were no gross hemorrhages  The intestinal
mucosa was swollen and had a purphsh cyanotic color The
parenchyma of the liver kadneys pancreas and adrenals was morc
hyperemic than normally  The spleen was flabby and 1its capsule
wonkled  There were petechial hemorrhages 1 the pencardium
and 1n the pleura

Microscopic exnmimation revealed diffuse congestion and edema
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of the lungs (Fig 12) and of the serosz and mucosz of the pul-
monary and gastro-mntestinal tract There were capillary hemor-
rhages in these tissues and m the kidneys The myocardium
hiver and kidneys showed parenchymatous degeneration Mmuté
areas of recent necrosis were found mn the liver, spleen, kidneys

F1c¢ 11 —Photograph of lung after postoperative shock Both lungs were
diffusely hyperemic and the pleural surfaces contained numerous petechial

hemorrhages

and lymph nodes The splenic pulp contained less than the usual
amount of blood The capillanes and venules in the Iiver, kidneys,
adrenals and pancreas were abnormally distended with red
corpuscles

Exactly the same pattern of circulatory changes was found at
necropsy 1n other cases of surgical shock and of shock resulting
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from burns, from poisoming (mercunc chionde, sedormd, arsem
cals), eclampsia, obstetncal shock, serum disease hemorrhagic
pancreatiis, intestinal strangulation, mesenteric thrombosis
rupture of viscers, and from severe bactenal and metabohic intoxi

eations  The occurrence of the shock syndrome in these conditions
will be discussed in subsequent chapters

1 was granted permussion by the Umited States Surgeon General
to examune files of necropsy records made by the medical officers
of the A E F m France dunng the World War T Records of
cases 1n which wound shock had resulted fatally, contamed
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Fic. 12~ Phow-rmcmcrnph of 1unx showmn 10 Fxxm 11 Muked capillo-
venous hyperemma capillary hemorrhages and moderate edems arc shown.

descniptions of congestive and edematous conditions of the viscera
exactly lile those given 1 the preceding paragraphs. Frequently
the phrase  wet autopsy was used to denote the contrast between
these and the ‘dry autopsy seen when hemorrhage had been
the chuef cause of death  The officers who made the examnations
did not commment on any possible relationship between the changes
descnbed and death by shock. In accordance with prevailing
custom the arculatory changes were designated as “acute pasave
congestion and edema.

Characteristic Pathologlc Changes,—Attention was first called

1n 1932 to the observation that the syndrome of shock 18 accom
9
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panied by significant morphologic changes which are related
etiologically to that syndrome That observation has been con-
firmed by others and no invalidating evidence has appeared 1n
the intervening years The morphologic features seen at necropsy
after death by shock fall into two groups (a) those which have
a direct causative relationship to the mechanism of the circulatory
disturbance, and (b) those which are regarded as secondary or as
resulting from 1nefficient circulation

A Direct Effects —The gross and microscopic evidences of
endothehal damage belong in the first group These have been
published in detail several times (28836789 They may be
summarized as follows The superficial vemns are collapsed and
bloodless The blood n the heart and large vessels and m the
parenchyma of organs 1s dark and thick and has failed to clot
Frequently 1t has a deep purplish cast The serous surfaces are
diffusely hyperemic and appear cyanotic In severe cases, they
contain ecchymoses and the cavities contain blood-tinged fluid
The wall of the stomach 1s relaxed, and minute hemorrhagic
flecks usually can be seen in the mucous hming Frequently the
latter 1s diffusely congested, particularly in the pylonc end The
fluid 1n the stomach usually contains brown flocculs, the significance
of which as derived from capillary hemorrhages has already been
discussed The bowels are atonic, relaxed and distended, the
minute vessels along the mesenteric attachment are engorged and
prominent The mucosa are congested, edematous and frequently
contain ecchymoses, their appearance resembles purple velvet and
occasionally there 1s bloody fluid within the lumen of the bowel

The lungs are deeply congested either diffusely or n areas,
producing a mottled appearance Microscopically, the capillaries
are distended and the venules are dilated and packed with cor-
puscles Hemorrhages from the capillaries are numerous and
marked edema 1s seen, particularly if death has been delayed
somewhat The edema fluid has a high proten content and 1its
specific gravity approximates that of the blood plasma The
mennges are hyperemic, their capillaries and venules are dilated
Frequently capillary hemorrhages are seen both in the pia-
arachnoid, the choroid plexus and 1n the white substance of the
bram

The liver and kidneys are deeply congested Blood oozes and
drips from the parenchyma when this 1s sectioned Patches of
hemorrhage from capillaries occur n the renal medulla, and
numerous red cells are observed within the tubules in such areas
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“Thus 18 an obvious source for the hematuna that may be detected
cmenlly

Aicroscopic amounts of serous fluid are seen 1 the tercellular
spaces of viscoral tissues such as lver, kidneys mucose, pancreas
and adrenals  This finding 1 shock anising from various causes
was emphaszed bn Eppinger under the title Dic serdsa Entsitn
dnng It wes explaned as ongnating by leakage of plasma through
abnormally permeable cndothellum  His reasons for avoiding
the term edema & descriptive of this change, are not apparent.

The splecn usually contans Jess blood than 1t does normally
In dogs 1t is firn contracted and dry The human spleen 1s
fiabby and the capsule wnnkled but 1t 15 not so contracted and
bloodless as in dogs  Apparently the human spleen 15 not so well
supplied with musculature as that of dogs, hence 1t contracts less
eflectively The heart has a purplith cyanotic eolor and there
1s engorgement of the venules and capillanes in the myocardium
The adrenal glinds participate 1 the capillary congestion seen
elzewhere  Frequently there 1s vacuolization and shnnkage of
the cortical cells which has been descnbed by Zwemer and by
Selye as resulting from a physiologic demand for cortical hormone

Pigmentation of hematogenous ongin may be scen 1n the lungs,
hiver, hidneys and spleen when death from shock has been delayed
twenty four hours or longer It results from the hemolyms of
extravasated erythrocytes and s not a feature when death occurs
carly

The congestive edematous and hemorrhagic changes descnibed
are ndicative of capillary atony and endothelial damage They
are found n the visceral not in the somatic arcas It 15 possible
that the selective distnbution of blood favonng vital orgens at
the expense of the penphery s responaible for the fact that neither
capllany engorgement  hemorrhages nor cdema 13 found in the
peripheral tissues

We have noted that cvidences of airculatory disturbance are
more marked i some visceral parts ¢ g the respiratory tract
than i others.  This fs not constant occasonally the abdominal
viscera are relatively much more congested than the thoraac
Ve have observed this particularly in dogy after myections of
proteoncs and after anaphy laxns

In short the visble arculatory disturbances charactenstic of
shock are seen in the viscera of the cranial thoraac and abdominal
cavities. The degree of change vanes in these regrons but tends
to be more marked 1n the respiratory tract
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B Secondary or Associated Effects —The most important asso-
aated changes found were acute parenchymatous degeneration of
the hiver, kidneys and myocardium and areas of necrosis 1n these
and 1n other tissues The parenchymatous or granular degenera-
tion was sometimes shght, sometimes marked It was evidenced
by the usual shght pallor and swelling of the organ, except when
the pallor was overshadowed by congestion, and by fine granula-
tion and vacuohization of the cytoplasm seen microscopically
When death has been delayed twenty-four hours or more, the
renal tubules are distended and may contain débns

Necrosis of hepatic cells was noted 1n about 20 per cent of the
experimental animals and was seen frequently in human cases
Usually the necrosis involved cells about the central veins, but
frequently there were focal necroses of small size and irregular
distribution like those seen after death from severe acute infections
or intoxications In a few instances there were extensive massive
necroses of the liver and of renal cortex like those seen after
death from certain poisons as cincophen or canthandes TFocal
necroses occurred frequently also in lymph nodes, spleen, pancreas
and adrenals, both in cortex and medulla, in man and 1 animals
They were found occasionally in the myocardium in human cases
but so far we have not seen them 1n the myocardium of ammals

We have not as yet devised a method of showing what relation-
ship exists between these degenerations and necroses and the
mechamsm of shock We have suspected that the parenchymatous
degeneration may be related to anoxia which 1s a marked {eature
in the terminal stages of shock But the occurrence of focal
areas of necrosis 1s as mnexplicable here as 1n other conditions where
they are found

Small scattered areas of atelectasis were often found in the
lungs At first we regarded these as artifacts produced by pressure
m removing and sectioming the lungs, but they were found later
when precautions had been observed to prevent such accidental
collapse I have no hypothesis to offer regarding the origin of this
feature

Both the secondary changes and those described as indicative
of endothehal damage vary i their severity and n therr dis-
tnbution These variations appear to depend, not on the causative
agent 1tself but on some factor of susceptibility 1n the mdividual
The degree of morphologic change and 1ts distribution 1n different
tissues was found to vary even when ammals of the same species
were subjected to the same techmique for producing shock This
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statement epplies also to shock occurnng from the same cause in
human subjects.

Gastric Ulcers.—A mgmficant assoaated pathologic feature 13
the occurrence of gastric or duodenal ulcers 1n cases of shock
with delayed death A classical instance 1s Curling 8 ulcer develop-
ing after burns. Harkins recently reported such a case and ated
more than 100 mstances from the reports of others. This com
phcation usually develops several days or weeks after the bun
However 1n severe burns with early death there are ecchymoses
In the gastro-intestinal mucosee. It 18 probable that these are the
nitial lesions which 1n some cases may not heal but may develop
into true ulcers.

McIlroy (1928) reported on acute gastnc ulcers 1 cats which
had received large doses of histamme by mnjection  Buchner,
Liebert and Molloy reported mmular lesions 1n rats after mnjections
of listarmne

Selye reported that the formation of gastric and intestinal
erosions 18 a characternstic morphologic feature 1n shock produced
expenimentally 1o rats by injections of drugs, exposure to cold and
by other means Frequently these erosions developed into true
ulcers, “The gastric and intestinal ulcers appeared histologically
to be due to complete dissolution of the mucosa and are often
accompanied by inflammatory infiltrations 1 the submucosa and
muscularls, Perforating gasine ulcers have repeatedly been
observed, they led to abscess formation 1n the pentoneal cavity
in the immediate vianity of the perforation ”

Mann (1916) found ulcers in the gastnc mucosa of dogs and
cats after adrenalectomy These apparently developed at the
ste of munute local hemorrhages in the mucosa  Subsequently it
was shown that ammals lacking adrenal cortical hormone will
develop shock gradually but regularly (see Chapter XVI) and
the occurrence of gastnic or intestinal ulcers was noted repeatedly
after adrenalectomy  Banting and Gains (1926) reported this
obscrvation and Rogoff and Stewart (1926) found ulcers in the
stomach or duodenum 1 about 20 per cent of the dogs 1n a large
senies of such expenments  This feature was noted subsequently
by severnl other workers

1t is known that cincophen poisoning may produce extensive
hepatic necroms Ifle that scen in  acute yellow atrophv’ of the
hver  Van Wagoner and Churchill were studying this effect
experimentally in dogs and found incidentally that gastne ulcers
developed 1n 24 out of 30 anymals 1n chrome cincophen posoming
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This finding has been confirmed repeatedly and 1t has been shown
that the same effect follows when the drug 1s admmistered paren-
terally, hence the ulcers result from a systemic rather than from
a local action of the drug Acute cincophen poisoning 1s accom-
panied by many of the signs of shock It has not been shown
whether this systemic disturbance of circulation results from the
direct effect of the drug upon endothelum or whether from the
absorption of products from the extensive damage to the hiver

Penner and Bernhein made observations on 47 mstances of
acute ulcers 1n the upper digestive tract in human beings Detailed
postmortem studies were made in many of these The ulcers
occurred as complications or sequela of various chnical conditions
such as extensive surgical procedures (thoracotomy for pulmonary
gangrene and abscess, cholecystectomy, prostatectomy, lammec-
tomy and intracramal operations), acute penitomitis, diabetic
acidosis, burns, freezing and other grave systemic disorders

They noted that all these cases had 1 common the factor of
shock and that this is accompanied by arteriolar constriction as a
charactenstic vascular response  If vasoconstriction is of sufficient
degree and duration 1t will cause local 1schema followed by edema
and necrosis The action of digestive juices promptly causes
ulceration 1n such an area, the authors believed that the local
ulcerations resulted by this mechamsm Klemperer and these
authors made another report on this condition which they repro-
duced n rabbits, guinea pigs, dogs and cats by admimistering
adrenalin mtraperitoneally They stated that the lesions found
in these experiments were histologically like those of acute ulcers
seen m man

It 1s possible that gastric mucosal ulcers result from maximal
arteriolar constriction as described by these authors It 1s also
possible that they develop from ecchymoses in the gastric or
duodenal mucosa Lrosions of these, produced by peptic digestion,
might give rise to the lesions described

Summary —Our observations on wvisible circulatory changes
accompanying shock corroborate and confirm those recorded by
others The same pattern of diffuse capillary congestion, edema,
effusions and petechial hemorrhages was found in the viscera
after shock produced expenmentally by various means and 1n
clinical cases of shock arising from various causes

These changes are related directly to capillary atony and to the
mechansm by which the disturbances of circulation developed
When death followed the implantation of tissue substance in the
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pentoneal cavity, the visceral appearances were the same as after
the wnjection of a lethal amount of histamme, of peptone or of
tissue extract

These findings confirm the conclusions resulting from investiga
tions on capillary phymology (Chapters T, TV, VI) It appears
that absorption of subatances resulting from the autolvms of
normal tissues, will cause atony of capillaries in extensive visceral
areas This 18 accompamed by hemoconcentration and by ews
dences of arculatory defidency culminating in the syndrome of
shock. If the disturbance 18 of sufficient degree, death by arcula
tory falure results.

Parenchymatous degeneration and necrons arc found m vanous
organs after death by shock. Scattered small areas of atelectasis
occur frequently in the lungs  The relationship of these associated
changes to the mechamsm of shock 18 not apparent

Shock with delayed death oceamonally 18 accompamed by ulcers
in the mucosa of the stomach and ducdenum These may resuit
from artenolar vasoconstriction of such degree as to cause anemic
necrosis of the mucosa or they may develop from local ecchymoses.

Like other conditions of discase shock s accompanied by a
characteristic pattern of visceral changes which are etologcally
related to its mechamsm of ongmn  This finding invahdates the
belief that shock is not accompamed by significant morphologic
changes.

The occutrence of capillary diletation stams, edema serous
effuvions and petechize 1n regions remote from the area of Injury,
docs not support the supposition that this form of circulatory
defictency is due to loss of blood and fluid locally at the site of
injury  But these features corroborate the explanation that shock
results from the effects of injunbus agents upon the endothelium
of capillanes and venules in systemic areas



CHAPTER XII

EFFECTS OF BURNS, HEAT AND RADIANT
ENERGY

BURNS

Physiologic and Pathologic Features —The systemic reaction
to extensive superficial burns! of the skin forms a characteristic
picture The pulse 1s rapid and weak, the respirations are rapid
and shallow and the blood pressure declines progressively Thirst
1s marked but dnnking 1s followed by vomiting of flmd which
frequently contamns traces of blood The temperature at first
1s sharply elevated but 1t may dechne as death approaches The
skin, m areas remote from the burn, becomes cold and clammy
There are clinical signs of pulmonary congestion and edema The
urme 1s scanty or suppressed, 1t 1s dark in color and contamns
hemoglobin and traces of albumin Bloody diarrhea may be
present The mental state 1s disturbed ‘“The patient hecomes
delinous or stuporous, but extremely restless, and finally passes
mto coma which ends in death The pulse 1s small, respiration
rapid and shallow, and the blood pressure sinks, producing the
whole symptom-complex of shock, such as follows great trauma”
(MacCallum, p 363)

Charactenistic abnormalities in the morphology and chemistry
of the blood develop after burns The erythrocytic count increases
sharply and the degree of hemoconcentration 1s proportionate to
the severity of the burn Tappeiner (1881) recorded 4 fatal cases
in which the counts of erythrocytes, taken from sia to seventeen
hours after the acadent, ranged from 7 810,000 to 8,960,000
per cmm Wilms (1901) reported 6,900,000, 6,500,000, 6,700,000
and 7,200,000 red cells per cmm respectively, in 4 cases Two
cases, ending fatally within a few hours, had red cell counts of
8,200,000 and 8,000,000 respectively Locke (1902) reported
erythrocytic counts of 9,000,000 or more 1n 5 out of 6 fatal burns
The highest count found 1n 4 non-fatal burns was 7,266,000

Underhill and associates made detailed examinations of the
blood 1n 15 cases seriously burned The hemoglobmn n these

1 Burns, scalding, electricity, caustics and chermcals when apphed to the skin

produce systemic effects which are similar
(136)



Tall have been conﬁrmcd by other® They & cs&Cndu\\y the
same 820 shock fro™ gther CAUSS (Chapter mn
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The congestive, hemorrhagic and edematous wisceral appear-
ances after extensive burns are of the same pattern as those found
after traumatic shock, anaphylaxis and anaphylactoid reactions
Cumin (1823) and Long (1840) reported congestion of the viscera,
engorgement of the lungs, hemorrhagic spots 1n serous and mucous
surfaces, and fluid 1n serous cavities as the promiment featurcs
These findings have been confirmed and elaborated by Schjerning
(1884), by Bardeen (1897), by Wilms (1901), by Pack (1926)
and by many others I have had occasion to make postmortem
examinations after death from burns in a number of cases These
confirmed the observations of the authors cited The morphologic
changes were of the same character as those found after death by
shock from other causes (Fig 13)

Fi16 13 —Photograph of a lung after death from cutaneous burns A lung of
normal color (right) 1s shown for comparison

Pathologic Physiology —The chinical and morphologic changes
as mdicated m the preceding paragraphs, have been confirmed
repeatedly by subsequent writers They have been reviewed well
by Harkins (1938) and subsequent reports were analyzed by
Lam (1941) The latter gives justified emphasis to the disturb-
ances of flud balance and of electrolytic concentrations which
result from burns Both the morphologic and the chief chemical
features described are substantiated 1n a recent report by Tenery
These appear 1dentical with those which accompany shock from
other causes (Chapters II, III, and VII)

The major 1tem 1n which these reports differ pertams to the
chlorides of the blood, most investigators report a decline, some
found httle change and a few found the blood chlorides shghtly
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increased  One factor which probably accounts for these varyng
results, 1s that some anthors made determinations for chiondes
on the whole blood, others on the plasme or terum some did not
specify which method was used  In the shift of electrolytes which
occurs when cells are affected deleteriously by anoma or other
causes NaCl passes {rom the region of higher concentration—the
plasma— to that of the lower—the cells. Such a shift between the
plasma and the erythrocyles would not affect the fofal sodium
chloride content of the blood 1t would be evident only if the
plasma and cells were analyzed separately  In concentrated blood,
much plasma having escaped by leskage, the chlonde content of
the whole blood may be high because of the increased chlonde
content of the erythrocytes, yet the plasma chlonides may be
decreased  Lowden and associates made such observations after
bums the chlorlde content of the plasma was below normal but
that of the whole blood was increased  These considerations apply
likewise to analyses for electrolytes in shock from other conditions.

A survey of the findings recorded by many writers indicates
that the following changes usually, but not always, arc found after
severeburns e decrease in the total blood volume, hemoconcentra
tion and leukocytoms a disturbance of flud balance accompared
by a shuft of fluid from the blood to the tissues a shift of electro-
Ivtes from regions of ligher to those of lower concentrations,
resulting in an increase 1n the potassium calaum magneswm,
phosphates and sulphates and a decrease in the sodium chlondes
and bicarbonates of the plasma, a decrease 1n the alkaline reserve
and in the normat ratio of albumin to globulin, an mcrease in the
sugar and o progressve nse mn the non-protein mtrogen of the
blood The coagulation time is shortened at first, then greatly
lengthened

Decreased renal ehmination occurs promptly after severe burns,
there 13 oliguna or anura the unne contains alburmn and the
speafic gravity 18 high 1ts content of chlondes 1s decreased and
in later stages acetonuna may appear (Pack and Davia)

The low chlonde content of the blood, the increased non protein
nitrogen the decreased 4G matio, and the dencient renal
cimination are progressve they are more prominent two or
more days after the bumn

A highly sigmificant {eature after severe bums 18 the extensne
damage suffered by the hver This ranges from parenchymatous
degeneration with numerous focnl or mid zonal necroses, to
cxtensive necroms affecting most of the lobules This effect has
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been recorded repeatedly from the time of Schjerming (1884) to
the present Harkins observed that deaths within forty-eight
hours are due to shock, fatahties occurring forty-eight to one
hundred and twenty hours after the burn are hver deaths, and in
those after ninety-six hours nfection 1s the chief factor Any
acceptable explanation of the mechamsm by which burns affect
the system, must explain the origm of this extensive damage seen
in hepatic, renal and other tissues remote from the mjury

Belt reported the necropsy findings in 4 fatal cases, these
included acute degeneration of the myocardium, hiver and kidneys.
weeping hemorrhages of mucous membranes particularly 1n the
stomach and renal pelves, and hemorrhagic congestion of the lungs
Voluminous peritoneal effusion was found 1n one case  The hvers
contained extensive necroses, hyaline condensations and nuclear
mnclusions indistinguishable from those seen after death by yellow
fever He beheved ‘‘Some toxic substance capable of profoundly
harmful eflects 1s undoubtedly elaborated in the damaged tissue ”

Buis and Hartman recently published pathologic studies espe-
cially of the lhiver after superficial burns in man and in ammals.
The livers were large, light yellow m color, greasy and friable in
consistency, and sometimes contained visible hemorrhages The
lobular markings were abnormally conspicuous Microscopically
there were varying degrees of acute degeneration and necrosis
ranging to extreme degrees comparable with acute yellow atrophy
Degeneration occurred also 1n the kidneys and in the brain

Shock, accompanied by loss of plasma and by hemoconcentration
occurred regularly Visceral congestion was associated with the
parenchymatous degeneration seen in the organs The authgrs
believed that anoxia was a contributory cause for the eatensive
damage seen 1n the liver and clsewhere

A Toxic Factor.—The chief controversial item in discussions
on burns 1s the same as mn those on traumatic shock, 7 ¢, the
part played by toxic products absorbed from the mnjured tissues.
Most writers in past decades have explained the symptomatology
of burns on this basis, and numerous biochemical substances have
been proposed as the specific “toan” (see reviews by Pack and
by Harkins) Prominent among the substances incriminated were
urea, hemolysins, guamdine, proteoses, peptone, unspecificd pro-
temn cleavage products, tosalbumin and the ke  Tailure to sup-
port any of these hypotheses by acceptable evidence, nat.ura)ly
brought the theory of a “burn toxin’ mto question Underhill and
Kapsmow stated “Our experience with burns leads us to doubt
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the existence of & ‘burn toxin’ end to beheve that the persistence
of this viewpomt 18 an obstruction in the way of clanfication of the
burn problem’ Some beheve that Underhills attitude while
admirably conservative, has not contnbuted to clanfication of
this moot pomt

The chief evidence opposed to the theory of intoxication, 1s
negative rather than postive n character Underhill and asso-
csntes showed that the absorption of substances injected sub-
cutaneously n burned area was retarded But Mason and
associates found no delay in the sbsorption and excretion of
sodium 10dide under mumilar conditions. Let 1t be recalled that
the mechanism of fluid balance and of absorption 18 senously
deranged when shock has developed  Perhaps the ammals tested
by Undertull were 1n more advanced shock than those in Mason's
tests

Expenments by Harnson and Blalock failed to show intoxicating
effects from the transplantation of bumed skin from one animal
to another, beneficial effects from the débndement of the bumed
arca or tomc effects by transfumon of blood from burned dogs
to normal ones Howcver, Blalock stated subsequently (47%)
““It 18 my impreswuon that toxins have not been excluded as impor
tant egencies i the causation of ill effects following burns.

Blalock, Harking their associates, and many others have
beheved that the loss of flmd from the blood mto and about the
burned area is the chief factor caumng disturbance of the arcula
tion  None will question that such loss 18 an important factor—
important m proportion to the volume of fluid lost But local
loss of flud alone doex not duturb systemic flud balance So
long as that mechanism 18 functioning phymologically loss of fluid
locally 18 compensated by absorption of fluid from other tissues
and fram the gastro-intestinal tract. Voluminous locel accumula
tions of flud as msaites pleural effusions or anasarca do not
produce the syndrome of shock, neither do they cause anything
retembling the visceral hepatic and renal changes which accom
pany burns. Those changes are not explained adequately on the
bass of local loss of fluid

A mgmhcant bit of evidence was denved from smmals joined in
pars by surgical anastomoss of the lateral abdominal walls
After the healing of the tissues, such parsbiotic ammals are
surtable for testing toxic effects substances introduced parenterally
1n the one, will reach the arculation of the other Vogt pubhished
detatled protocols of 83 expenments performed on such animals,
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When one of the parabiots was severely burned, the uninjured
one developed symptoms like those of 1ts mate and died with the
same signs of intoxication Death of the amimal not burned was
prevented by the surgical separation of the parabiosis shortly
after one of the pair had been burned If surgical separation was
delayed too long, both amimals died Such results are difficult to
explain except on the basis of toxic substances absorbed from the
burned areas and distributed 224 the blood stream

Harkins, Wilson and Stewart compared the effects of protemn-
free extracts of normal skin with those of burned skin prepared
by the same method, both contamned an apparently identical
depressor substance This was interpreted as evidence against
the theory of a “burn toxin ” However, this result does not appear
to invahdate that hypothesis Harris found that extracts of
normal human skin contamn a substance which caused wheals
when 1introduced intradermally, caused contraction of perfused
guinea pig uterme muscle and produced a fall in blood pressure
when given intravenously A comparison of a similar substance
found m animal skin showed 1ts presence in equal quantities n
normal skin and in skin removed mmedzately after burning or
freezing But the concentration of 1t decreased progressively n
samples of burned skin taken after intervals of time This fact
suggested the progressive absorption of the substance from the
burned area into the amimal’s body

Barsoum and Gaddum compared the blood histamine of normal
subjects with that of 9 persons severely burned A marhed eleva-
tion 1 the latter, amounting to 5 times the normal, was found
during the first week after the burn Rosenthal tested the blood
of shoats, dogs, guinea pigs and of human beings for the presence
of histamine-like substances after severc burns of the skin He
found that the blood of each species contamed a substance which
caused contraction of virgin guinea pig uterine muscle  This sub-
stance differed from histamme 1n that it was shown to be thermo-
labile

A number of nvestigations are on record tending to show that
mjurious or toxic substances are formed m tissues damaged by
heat Wilson and his co-workers made experiments of a different
type from those referred to They separated a large arca of
rabbit’s skin from the underlymng tissues in order to collect larger
volumes of the flmd which distends tissues adjacent to burns
The skin was then severely burned and the edema flud which
collected bencath 1t was mjected 1nto other rabbits  Sometimes
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death occurred within & few seconds after an injection of 3 to 5 cc
of this fluild  In other mstances the rabbits developed muscular
weakness labored respiration, increased pulse rate, pallor of the
ears and dilatation of the pupils, sometimes urine and feces were
voided The temperature first rose, then fell, the blood pressure
declined and death occurred one to five hours after the injection
That the circulatory failure was not of cardiac ongin was demon
strated by clamping the sorta mmediately the pressure rose
from the level of 30 mm to 112 mm Hg This was mterpreted
as indicating that the myocardial funchon was not senously
impared.

There was a progresaive mncrease 1n the tonaty of the edema
fluld as time elapsed after the burn  Speamens taken after
twenty four to forty-eight hours produced more severe effects
than those taken shortly after the burn Filtretion to remove
bactena did not remove the toxic property **The gradual develop-
ment of toxiaty of edema flud m the absence of bactenal growth
strongly suggested that autolyss of injured tissue was respousible
for toxin formation ' Heating the edema fluid leasened 1ts toxaty,
as wos observed by Rosenthal Marked degeneration of hepatic
cells was another point in common batween their results and the
effects of burns in human cases.

The most extensive expenmental work on burns reported m
recent years 18 that of Chnstophe (1939) Observations were
made on 164 dogs and the text of the report exclumve of protocols,
photomucrographs, ctc., covers 85 pages  Studies were made on
biologic phenomena accompanying burns with particular reference
to delayed effects.

Signs of ‘nephntis’ developed catdy, there was ohguna or
anuns for twenty four to forty-eight hours The unne contamned
albumin pigment débns and casts  The non protemn nitrogen
of the blood increased progressively, the blood urea level was
clevated by 100 to 400 mg per cent (see Chapter XV)  Marked
visceral edema developed, the flid of which was nch n albumin
The osmotic pressurc of the plasma decreased and the A/G
ratio was reversed  The reserve alkalinity dechined and acidoss,
a5 ndicated by pH 744 to pH 733, developed. The plasma
chiondes declined while those of the tissues increased. The total
blood volume decreased about 50 per cent in some crses, there
was an increase in the blood cholesterin

The reader should thoughtfully compare these changes with
those of the shock syndrome as detarled 1n Chapters II, 111 and TV
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In one series of experiments the entire skin surface of the hing
leg was thoroughly burned, limbs were then amputated at the
hip after the lapse of varying periods of time  If such amputations
were done within six hours after the burn, the ammal lived, if
done six to ten hours after the burn, death followed

In other experiments, the hind imb of a normal dog was dis-
articulated and quickly grafted to the neck of another, by anasto-
mosing the femoral artery and ven to the external carotid artery
and jugular ven, respectively Heparin was used to prevent
clotting After circulation was shown to be estabhished, the skin
of the grafted limb was thoroughly burned with a Bunsen flame
The dogs on which such experiments were made died after mani-
festing 1llness like that of burned animals, the physiologic changes
hikewise were similar, including a decrease in the plasma chlondes,
an 1ncrease 1 the non-protemn mtrogen and the appcarance of
albumin and casts in the urine

This experimental procedure excluded nerve impulses from the
burned area as factors, the only connection between the normal
dog and the burned area was »a the circulating blood These and
similar experiments led the author to conclude that some toxic
substance, conveyed by the blood from the area burned, was
responsible for the results “The progressive lethal phenomena
mamnifested are due to the presence of a toxic principle within the
blood returning from the burned area The absorption of this
principle occurs within the first ten hours and the other phenomena
follow with fatal outcome !

In another group of experiments the author made artenal and
venous anastomoses by which the head of the normal dog was
perfused with blood from the burned dog Similar results followed,
accompanied by oliguria, azoterma and death as by renal deficiency
Examination of cerebral tissues in such ammals showed degenera-
tive changes like those 1n ammals after fatal burns The region
affected particularly was the anterior hypothalmus  Hyper-
chromatic granules, vacuolization, fragmentation and disintegra-
tion were described as marked These changes were adequately
confirmed by photomicrographs

The author described the renal changes - “cal with thnse
of acute glomerulo-nephritis, he attnbu | L

! “Les phénomenes progressivement morie N
brai¢s sont dus 4 la présence dans le sang reven’
toxique La r¢sorption de ce principe est d(jh -
heures que les autres phenoménes lus suceedent
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findings and the progressive mcrease in the non protemn nitrogen
of the blood to this effect The photomicrographs of the renal
lemons are not distinctive of acute glomerulo-nephntis but mght
be interpreted as acute glomerular congestion and tubular degen
eration  We have scen mmuler renal effects frequently after death
by shock from venous causes. Data on other visceral changes
were not pubhshed. Chnstophe believes that toxic substences,
absorbed from burned areas, affect pnmanly the brasn and that
other visceral changes result through disturbed neurogenic
influences  This nterpretation may be questioned, 1t scems
equally probable that the cerebral renal, hepatic and other
systemuc effects, all result from the same noxous influences,

The evidence presented 1n thus section has not been questioned
nor controverted, 1t should be considered thoughtfully in relation
ship to the systemic effects which follow extenmve burns of the
skin

HEAT STROKE, INSOLATION

The recorded chimcal and pathologic data on the effects of
excessive temperatures, resemble closely those resulting from
burns Heilman and Montgomery descnbed such patients as in
a condition of shock. Drinker noted these features “Dizziness
headache fainting vormiting, & broad chain of symptoms such as
mght imbate a severe wfection, charactenze the onset. Sudden
collapse and coma with accompanying high fever are not uncom
mon The pulse 1s raprd  the blood pressure low and the
breathuing shallow and fast The patient resembles one 1n surgical
shock except for the elevation of temperature” Hill stated
“At postmortem, the organs of & cate of heat stroke show capillary
congestion as i wound shock. .~ Le Count described wisceral
congestion edema of the meninges, bram and lungs, petechiz in
the viscern and skin and parenchymatous degeneration of the
myocardium liver and kidneys as charactenstic changes seen
after death by heat stroke  Willcox made similar observations
on deaths from sunatroke among soldiers in the tropics. “Edema
and general hyperemia of the brain and lepto-memnges were
observed and cloudy swelling of the liver kidneys and my ocardium
was found Petechie of the skin and mucous membrane were
$een n some cases.  Pulmonary edema was & terramnal event in
the fatal cases  In addition to these {eatures, Ross noted that

the blood 18 usually uncoagulated and dark and that extreme vis-
ceral congestion s seen
10
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In one series of experiments the entire skin surface of the hind
leg was thoroughly burned, imbs were then amputated at the
hip after the lapse of varying periods of time If such amputations
were done within six hours after the burn, the ammal lived, \f
done six to ten hours after the burn, death followed

In other experiments, the hind Iimb of a normal dog was dis-
articulated and quickly grafted to the neck of another, by anasto-
mosing the femoral artery and vein to the external carotid artery
and jugular ven, respectively Heparin was used to prevent
clotting After circulation was shown to be estabhshed, the skin
of the grafted limb ‘was thoroughly burned with a Bunsen flame.
The dogs on which such experiments were made died after mani-
festing 1llness ke that of burned ammals, the physiologic changes
hikewise were similar, ncluding a decrease in the plasma chlorides,
an increase 1 the non-protemn mitrogen and the appearance of
albumin and casts in the urine

This experimental procedure excluded nerve impulses from the
burned area as factors, the only connection between the normal
dog and the burned area was »a the airculating blood These and
similar experiments led the author to conclude that some toxic
substance, conveyed by the blood from the area burned, was
responsible for the results ‘““The progressive lethal phenomena
mamfested are due to the presence of a toxic principle within the
blood returning from the burned area The absorption of this
principle occurs within the first ten hours and the other phenomena
follow with fatal outcome

In another group of experiments the author made arterial and
venous anastomoses by which the kead of the normal dog was
perfused with blood from the burned dog  Simular results followed,
accompamed by oliguria, azotemia and death as by renal deficiency
Examination of cerebral tissues m such amimals showed degenera-
tive changes like those in ammals after fatal burns The region
affected particularly was the anterior hypothalmus Hyper-
chromatic granules, vacuolization, fragmentation and disintegra-
tion were described as marked These changes were adequately
confirmed by photomicrographs

The author described the renal changes as identical with those
of acute glomerulo-nephntis, he attributed the abnormal urmary

1 “Les phénomenes progressivement mortels déclenchés dans l‘e sang des
briilés sont dus 4 la présence dans le sang revenant de la zone brilée d'un prmcilpe
tosique  La résorption de ce principe est dé;é telle au cours des din premilres
heures que les autres phénomenes lus succédent fatalement
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Smuth reviewed observations of others and contributed the
results of his own studies on heat stroke He stated that the
plasma chlorides, alkaline reserve and pH of the blood are decreased
while the lactic acid and nitrogen content are mcreased ¥ He con-
firmed the observations of others concerning necropsy findings
The blood was dark, thick and poorly clotted “Congestion,
edema and hemorrhagic effusions occur 1n the lungs, and may be
of extreme severity ” Vascular congestion and petechial hemor-
rhages were found also in other viscera and 1 the bran  The
parenchymal tissues showed cloudy swelling and more advanced
stages of degeneration Renal degeneration was particularly
severe when death after heat stroke was delayed In these
mstances, azotemia was marked (see Chapter XV)

The pathologic changes seen after death resulting from thera-
peutic hyperthermia are exactly of the same pattern as seen after
heat stroke (Gradwohl and Schisler, Lichtenstemn, Kopp and
Soloman, Wilbur and Stevens) F W Hartman emphasized the
occurrence of degeneration and necrosis in brain tissues both 1n
human cases and 1n dogs subjected to high temperatures in the
same way In the case reported by Chunn and Kirkpatrick, there
was persistent vomiting of “coffee grounds” fluid, hemoconcentra-
tion, progressive hypotension and icterus as m ‘“acute yellow
atrophy ” Death occurred after four days, the small yellow flabby
hiver, weighing 1320 gm , was extensively necrotic” G Wilson’s
report of 1 death from sunstroke and 3 from fever therapy empha-
sized petechial hemorrhages, especially numerous m the endo-
cardium One case had 150 cc of blood-tinged flud mn the pleural
cavities Other pathologic findings in these reports were like
those of Le Count

Pmner and Margulis studied the effects of solar radiation on
ammals A companson of the effects of different portions of the
solar spectrum upon gumea pigs indicated that each portion was
capable of producing lethal effects The chnical and pathological
findings were remarkably uniform and did not vary with variation
n the spectral composition of the radiant energy A marked
acceleration of the respiration was the first sign of serious eﬂc‘ct
The rectal temperature rose to 108° or 109° F When radiation
was discontinued at this pomt, the temperature dechned to
normal but the animals died usually 1n twelve to twenty-four hours

The subcutaneous tissues were congested and edematous  The
lungs showed areas of massive congestion and the pleural cavities
contained bloody fluid in some mnstances  Congestion of the



HEAT STROKE, INSOLATION 147

liver was marked and the kidneys adrenals and testes showed
varying degrees of it. Histologically, small lobuler mterstitial
pneumonias were seen frequently assocated with regons of
ntense capillary congestion small hemorrhages and sub-pleural
emphysene.  The mtestines and portions of the stomach showed
masave congestion, stams edema, local hemorrhagic infarchions
and necroses. These findings suggested to the authors the effects
of histamine like substances hberated 1n the regions wnjured by
exposure to radient energy

Scveral authors recorded blood studies 1n man and m ammals
cxpoted to hugh temperatures  Hall and Wakefield exposed dogs
to warm humid air in a closed cabinet for vanable penods. This
caused iliness ending 1n death m the more severe cases. They
found an increase m the lactic aad, non proten mtrogen, urea,
creatimin sugar chlorides and calaum of the blood There was
decrease 1n the CO, combining power the serum pH and in the
total serum proteins  After death ‘acute pasmve congeston and
capillary hemorrhages were seen 1 all the tissues The hver
showed changes ranging from acute degeneration to extensive
necrosis like that of acute yellow atrophy  Extenmve parenchyme
tous degeneration and cdema were seen 1n the kudneys A progres-
nve azotemia developed in one ammal which lived two weels
after the treatment It 13 mgmficant that the necroms of the hiver
after burns sunstroke and hyperthermia, has been descnibed by
scveral wnters as resembhing that of ¢ acute yellow atrophy’ or
that seen after death by yellow fever

Milder effects of heat produce changes 1n the blood like those of
burns but these arc transient {'erns and associates made clinical
and chemical observations on 44 patients hospitalized dunng a
penod of excessive summer heat  They were affected 1 varying
degrees but all had hyperpyrexa ranging from 105° to 109° F
The NaCl content of the blaod was not altered mgnificantly
There was moderate acdoms and the blood was concentrated
In the more severe cases the non protain mitrogen was above
normal  Seven of these manifested shock and each of them died
s00n no postmortem data were given .

albott and assocates reported blood studies on workmen

aflected 1n varying degrees by heat  Tn § cases of “heat cramps,”
the cell volume red blood cells leukocytes sugar, phosphates
caloum potassum and non protein nitrogen were wcreased, the
bicarbonates chlondes, sodum and the pH of the serum were
decrensed  \ilder degrees of heat exhaustion showed less marked
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effects All cases recovered McLamn and Montgomery reported
similar changes in workmen affected by heat cramps They noted
hemoconcentration, mcreased blood sugar, and a decrease in the
serum chlondes, no data on mtrogenous wastes were givens

Irradiation Sickness —Long ago 1t was noted that the massive
application of a-rays over the abdomnal region produces grave
symptoms 1n the patient These included nausea, vomuting,
ohguria, bloody diarrhea, restlessness, small rapid pulse, declining
blood pressure and profound prostration These symptoms
resemble those of shock arising from other causes Other features,
such as low metabolism, increased. blood sugar and non-protem
mtrogen, hypochlorhydria and decreased alkaline reserve, are
also hike those of shock The illness 1s usually delayed in onset,
developing after two or three days, and death usually occurs about
four days after exposure

The postmortem findings reported i both clinical and 1n
expenimental irradiation sickness, include diffuse congestion of
the lungs, of mucous and serous surfaces and of parenchymatous
organs, capillary hemorrhages 1n these tissues, parenchymatous
degeneration of organs, and degeneration progressing to necrosis
of the intestinal mucosa

Whipple and his associates noted that the manifestations after
extensive 1rradiation were like those of heat burns but with this
difference the latter produce illness immediately, while radiation
sickness develops after a latent period They showed that radia-
tion produced delayed necrosis of the glands and of the epithelium
in the mtestinal mucosa, and they ascribed the 1illness to the
absorption of products of cellular disintegration 'The mechanism
of this effect was like that which Whipple had shown 1n experi-
ments on closed intestinal loops

We were impressed by the close resemblance between the mani-
festations of radiation sickness and those of shock resulting from
various causes It seemed of interest to compare both the phyflo-
logic disturbances and the postmortem findings of radiation sick-
ness with those which characterize shock Our initial experiments
were arranged to duplicate closely the roentgen technique employed
by Whipple The physical factors employed were 130 k?lo-volts,
5 milhamperes, 2 mm of aluminum filter, and 30 cm skin target
distance The output of the equipment was 72 r per mnute
Open field irradiation was given over the abdomen of healthy,
normal dogs 1n amounts ranging from 1400 to 2800 roentgen umits.
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venules The liver and kidneys showed congestion, parenchy
tous degeneration and, in some cases, necroses The spleen
contracted and bloodless

In one group of 7 dogs, radiation was given over the hiver,
lower abdomen being protected by lead shields One of {l
animals developed fatal 1llness accompanied by hemoconcentrat
The postmortem findings were the same as described ab
Another developed shight illness accompamed by 12 per
hemoconcentration, but recovered The remaning dogs n
group showed no hemoconcentration nor evidence of 1llness
2 dogs, the hver and adrenals were shielded and the irradia
confined to the lower abdomen These amimals mamfested tyf

F16 15 —Stomach and portion of small bowel after shock induced by irra
tion The cardia and fundus of the stomach and the entire small bowel 1
mtensely hyperemic and contamed numerous ccchymoses

reactions accompanied by hemoconcentration and followed
death No 1illness resulted in 2 dogs which were given mast
radiation over the chest These experiments corroborate
observations of Whipple and of others, that the mtestinal muc
1s more sensitive than other tissues to the injurious cficcts
radiation

One group of dogs were treated as described, but were kalled
mtervals of twenty-four to eighty-eight hours after cxpost
This was done in order to make examunations of the mt.cstl
mucosa at earlier stages after the injury (Fig 16)  Sections
bowel and of other tissue were placed m fixative within |
minutes after the death of the dogs Study of such sections ¢



IRRADIATION SICENESS 151

firmed the findings of Whipple and s associates who made
wmilar studies.  The evidences of damage were most marked in
the mucosa of the small bowel The epithelum Liming the crypts
and covenng the villy, showed all stages of dismtegration and
destruction  Some crypts contaned nuclear and cellular débns,
others were empty  Some of the vilh retaned thewr epithelial
caverng while that in the crypts showed necross and disintegra
tion Other villi were completely denuded of their epithelial
covenng (Fig 17)  Our results were concordant 1 25 dogs used
in this senes of experiments.

AR A
ARSI
B AN B O30 WA
P1a. 16.—Intestinal mucosn of a dog killed twenty-four hours after abdormnal
wraduton.  Hyperemm and marked degeneration of the hnmg are present.

Ldsall and Pemberton nterpreted radiation mckness as a toxic
reaction to products of tissue disintegration  Later Hall Warren
and Whipple conducted extensive expenments on the subject and
came to the conclusion noted earlier in this section  Rolleston
reviewed the vanous proposed explanations and found that the
wuight of evidence javored acute toxemia from products of cellular
wnjury or destruction  Forfota and Karady cited numerous
observations on the resemblance between radiation sichness and
shocl  They commented on the demonstrations by Ebbecke
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Lew:s and others, that cellular injury of any kind causes the release
of H-substances which affect capillanies in the same fashion ag
does histamme They compared the effects of histamme and of
experimental radiation m dogs and reported that chemical exami-
nations of the blood showed the same essential vanations from
normal as seen 1 shock
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F16 17 —Intestinal mucosa of a dog hilled sixty-sin hours after abdomnal
wradiation  The willi are denuded of their epithelial covering and the crypts
contain débns of disintegrated glandular epithelium

Our results have confirmed those of the authors cited, also our
interpretations are similar Exposure of the abdominal viscera
to massive doses of roentgen irradiation causes delayed necrosis
of the mtestinal mucosa Absorption of cytoplasmc matenal
from this damaged tissue seems to produce the physiologic dis-
turbances noted The severity of the illness seems to parallel the
recogmzable epithehal injury  The resulting symptoms are thosc
regularly seen 1n shock from other causes and the condition 15
accompanied by progressive hemoconcentration  The wvisceral
changes seen postmortem are charactenstically those of circulatory
failure of the shock type

These experiments have a significant bearing on the mechamsm
of shock Some writers assign this to local hemorrhage and loss of



IRRADIATION SICKNESS 153

flud, or to sympatho-adrenal hyperactivity, and disregard absorp-
tion of products from damaged tissues as a factor Injuty to
intestnal mucosa by radiation is like injury by heat or other
physcal agents, but with these differences 1t produces delayed
necrosis and causes #o pasn nor emotional reactions  Hence such
njury ellmmates hemorrhage, anesthesia, pain, emotional reac
tions and sympatho-adrenal hyperactivity as factors In such
experiments 1t appears that the disturbances of arculation result
solely from absorption, independent of other factors.
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Fio 14 —Photomicrograph of human lung after death from masive x my
l-beﬂlhn py  Afarked hyperemin, edema and hematogenows prgmentation are
.

l

1 have had opportunity to examinc the tissues in onlv one
human casc of death from radiation mchness  Masmve roentgen
thernpy had been applied over the lower abdomen 1n the treat
ment of extensive pelvic carcinomatosis of utenne ongin - Illncss
began two or three days later and terminated fatally wathin a
week  The most promnent chmeal features were progressive
weakness and defiaent renal function (see Chapter \V) Blood
cxaminations were not made A progressive decline in blood
pressure preeeded death The necropsy revealed extensive
hecrosis of massive carcinomatous tissues in the pelvis, also of
large myofibromata in the uterine wall The lungs were hyperemic
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and edematous (Fig 18), as were also the abdomial viscera
The mucosa of the small bowel was intensely congested and the
gastric mucosa, moderately so The stomach contammed “coffee
grounds” flud

Summary —The state of shock resulting from extensive burns
duphcates that from trauma or from other causes, item for item
These pomnts include the chinical signs, the chemical and other
alterations in the blood, and the visceral changes seen postmortem.
Prominent associated effects occur m the lhiver and kidneys
There 1s weighty evidence mdicating that all these features arc
the effects of substances liberated from the damaged tissues Local
loss of fluid 1 and about the burned area 1s a contributory factor
but 1t does not provide an adequate explanation for all items in
the syndrome

The pathologic physiology, chnical signs and morphologic
changes which accompany sunstroke, heat stroke or eacessive
thermotherapy, present no points of distinction from the effects
of burns The conditions mentioned are not accompanied by
local loss of fluud, hence the manifestations must be assigned to
the direct effects of heat upon various organs, especially the hiver
and the brain

Deep roentgen irradiation of the abdomen causes shock which
1s delayed n development Irradiation 1s an agent which, hke
heat, causes injury to tissues—particularly intestinal mucosa
This 15 followed by delayed necrosis Absorption of the products
of this injury appears to explain the delayed onset of shock Such
items as pam, emotional reactions, anesthesia, hemorrhage,
sympatho-adrenal hyperactivity, and local loss of flmd, appear
to be ehminated as factors in shock resulting from roentgen irradia-
tion



CHAPTER XIII

SHOCK IN OTHER CONDITIONS

SURGICAL or traumatic shock usually results from a combination
of factors mcluding absorption from 1njured tissues and hemor
thage Frequently the effects of anesthesa, prefmsting disease,
cxposure, privetion or other crrcumstances are combmed with
absorption and with loss of blood. In contrast with tlus the
pathogenesis of the same type of dirculatory disturbance resulting
from anaphylaxis intoxication or other disorders 1includes fewer
factors.

Recently we have published ewidence (288') of the occur
rence of shock m vanous condibons of disease  These include
anephylans the effects of venoms and vanous posons, extensive
superfical burns intestinal obstruction pancreatitis, pentomtis
and other abdominal emergences, intoications of metabolic or
other ongn, and infections of unusual seventy The same type of
clinical mamfestations occurred in each of these conditions accom
panied by hemoconcentration, and the viscere showed the char
actenstic pathologic features of shock  The evidence referred to
will be summanzed bnefly

Anaphylactic Sheock. —This term 15 commonly applied to the
rapidly developing 1illness which occurs when protemn 18 gven
parenterally to an animal already sensitized to that protemm  Few
pathologic phenomena have been so mystenious as those of
anaphylaxis. Small doses of mumple proteins, which produce no
more cflect 1n normal amimals than would 50 much 1sotonic saline
solution act like violent poisons when given to sensitized ones
Some of the mamfestations of this reaction have baflled investiga
tors using every form of approach which they could dewvise
Readers interested 1n details not presented here are referred to
reviews by Wells, haraner Zinsser Topley and Wilson and by

The subject 15 considered here because acute anaphylaxis
presents all the chinical phymolegic and pathologic features of
shock as produced by histamine peptone or other agents, because
investigators have agreed that endothebal reaction 15 a major
factor in its mechamsm and because some of 1ts puzzling features
may be clanfied by an analyss of the endothelial factor

(13%)
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The physiologic disturbances which accompany anaphylas
like those of shock from other causes Investigations have she
that the lactic acid, the sugar, urea, creatinin, non-protem nitro,
and potassium of the blood are increased and the chloride cont
decreased during anaphylactic shock The viscosity of the bl
1s mcreased and 1ts coagulabihity decreased Hemoconcentrat
has been noted by each who have recorded observations on 1
item, this appeared proportional to the apparent illness of
anmmal The behavior of the leukocytes varnes marked leu
penia, as represented by a dechne of 75 per cent in the numbe;
leukocytes, occurs 1n acute severe anaphylaxs while m subac
or delayed reactions there is intense leukocytosis In each of th
particulars, anaphylaxis and shock from other causes are
tinguishable

Congestive, edematous and hemorrhagic changes m the visc
were recorded by the earliest observers on anaphylaxis Ric
(1902) working with dogs noted ‘‘there 1s intense congestion w
mterstitial hemorrhages 1n the whole gastro-intestinal tract ]
lungs are congested and sometimes also the endocardium ¢
pleura” Gay and Southard (1908) made similar observations
gumea pigs Hemorrhages were most numerous 1n the gast
intestinal tract and the lungs, but they are found also m
adrenals, kidneys, pericardium, brain and meninges The auth
regarded these as highly significant and emphasized that ¢
explanation for anaphylaxis, to be acceptable, must also expl
these features Similar evidences of disturbances in the min
vessels were recorded by Coca (1909), Pearce and Iisenb
(1910), Karsner (1912), Manwaring, Weil, Petersen and otht
I have confirmed these observations in fatal anaphylactic she
1n guinea pigs, rabbits and dogs Extensive hyperemia, petect
hemorrhages and ecchymoses were present n the thoracic &
abdominal viscera when death occurred promptly, and those sa
features plus edema in the soft tissues when death was dclay
Exactly the same changes were noted by those who recorded -
appearances of the viscera at necropsy after fatal anaphylac
reactions 1n man (Boughton, Lamson, Bullowa and Jacob:)

Evidence from various sources indicates that endothehal
play a prominent role in the mechamsm of anaphylaxis Caj
laries lose their tonus and become abnormally permeable dur
such reactions This has been shown by perfusion experime
(Manwaring) and by the development of edema both n local a
in systemic anaphylauis Opie summarized the work of othe
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correlated 1t with his own investigations and concluded that
tissue cells are injured when antibody meets antigen 1n the tissues
He interpreted the tissue edema as the effects of such mjury upon
capillary walls,

Petersen and his associates noted an mncreased flow of lymph
when dogs sensmitized to egg albumin received 1t by mjection  The
lymph was nch n fibnn globubin albumm and erythrocytes
indicating mcreased endothelial permeability They interpreted
this as evidence that endothelum 13 the point of attack of the
injunng agent and concluded that this effect 18 8 pnmary factor in
produaing the symptoms of acute anaphylans.

Manwanng and esssociates emphasized the importance of hiver
damage 1n anaphylactic dogs but therr final conclusion was stated
as follows  “We beheve that the increased capillary permeability
thus demonstrated will ultimately be shown te be the dominant
physologic change mn proteln sensmtization, to which ell other
anaphylactic reactions are secondary ” Seegals review of the
subject led to the conclumon that the symptoms of anaphylactic
shock m the vanous ammals are referable to one or the other of
two causes  conlrachion of smoolth muscle and tncreased capillary
permeability  Lews emphamzed capillary permeainlity as the
major factor and attributed 1t to H-substance released by tissue
cells when mjured by the combmation of antigen with antibody

The observations aited and many others of similar import may
be mterpreted as follows The senmtization upon which the ana
phylactic reaction depends resides not i the body fluids but in
the tissue cells  Sensitized cells are intated or severely mnjured
when an infimitesimal amount of the protemn to which they are
sensitive is brought i contact with them This has been shown
by Opie and others  The injury may be shight or marked, depend
g on the degree of the sensutization and on the dosage of the
antigen  When mild the irritation may be only suffident to
provole contraction as of smooth muscle increased secreton,
activity of mucous and giandular cells, or severe itching and
irntation of epithelial surfaces. On the ather hand, the resulting
nyury 1f severe may cause extensive necross of the tssues. This
13 seen 1 the lymph nodes, spleen liver and other parenchymatous
tissues in ecvere anaphylaxs also in the Arthus phenomenon of
extensive necroses 1n muscular and subcutaneous tissues after
local injections of the antigen.

The statement that tissues are Injured when antigen and anti
body meet wathin them does not exempt endothelum  That
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tissue 1s as easily damaged as any 1n the entire body, mnjury to 1t
produces atony and increased permeability of capillary walls
This fact provides the key to the observations relative to endo-
thehal damage ated in previous paragraphs It evplamns why
anaphylaxis produces circulatory disturbances mdistingwmshable
from those caused by histamine, peptone or other shock-producing
agents When the foreign protein 1s given intravenously to a
sensitized animal, violent illness may develop mstantly and death
may occur immediately This effect 1s understandable as the
result of severe mjury to endothelium throughout the body

I have made exammation of the wviscera after anaphylactic
death 1n animals and after fatal “serum sickness” in man These
confirmed the observations on congestive and hemorrhagic
appearances associated with anaphylaxis as seen by earlier writers
The same pattern of changes are present, indicative of endothelial
damage, as i shock otherwise produced These changes support
the interpretation that endothelial effects are the major item 1n the
mechamsm of anaphylaxis Hepatic degeneration and necrosis
occur after anaphylaxis, and some of the physiologic disturbances
have been attributed to ijury or dysfunction of this organ
(Manwaring and others)

Anaphylactoid Reactions —A number of chemicals and poisons
owe their pharmacologic action to their effects upon capillary
endothelum These have been called caprllary porsons by Heub-
ner, Krogh and others Such substances when njected intra-
venously, produce reactions which are mndistingmshable from
anaphylaxis Hence Wells found it necessary to specify defimte
criteria to diffierentiate true anaphylaws from such effects One
requirement 1s that the substance must be a protemn, another,
that the reaction must not be produced by the first mnjection but
must have been preceded by a sensitizing dose of the same proten
Reactions which do not meet these criteria are classed as anaphy-
lactord rather than anaphylactic

Heubner’s description (1907) of the postmortem appearances
after mjections of capillary poisons 1s very sigmficant because 1t
duphcates the charactenistic pathologic features of shock  The
venules 1n the viscera were deeply congested The pentoncal
surfaces of the bowels were deep red  The mucos were dark red
and contamed hemorrhagic flecks  Similar flecks werc present
in the surfaces of the hver, spleen and kidneys Blood-tinged
flud was present m the scrous cavities although no visihle ongmn
for the hemorrhage could be found The lungs and pleura were
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deep red and contamed numerous ecchymoses Blood flowed
freely from the substance of the organs when these were sectioned

Microscopically, there were marked dilatation of the venules
and capillaries n all the organs and minute hemorrhages in the
substance of the lungs Liver and hidneys. The artenoles were
maximally contracted which indicated to Heubner that vaso-
motor relaxation was not the cause for the low blood pressure
He concluded that the blood had been dramed nto the dilated
venules and capillanes and that the effect of this had been equiva
lent to exsanguination by hemorrhage.

Krogh endorsed Heubner s interpretation ‘““These postmortem
observations, together with the sudden fall of artenal pressure
preceding death, show clearly that we have to do with a relaxation
of the capillanes and venules to such an extent that only a fraction
of the blood poured into them could return to the heart to keep
up the arculation ”

Capillary powsons Include arsemicals mercunals and other salts
of heavy metals. Hanzhk and Karmer stucdied the effects of
various arsenical solutions given by mjection Severe reactions
resembling anaphylaxs resulted The postmortem examinations
showed marked pulmonary and abdominal congestion and capil
lary hemorrhages.  Our results justfy the conclusion that the
symptoms after the injection of arserical compounds, whatever
the form of arsenic, are of arculatory ongin’ These authors
obtaned similar results from a large group of colloidal substances
which produced anaphylactoid reactions when injected intma
venously

It fs known that intravenous injections of arsenicals for thera
peutic purposcs sometimes produce anaphylactoild or ‘shock
effects.  This has been called the “nitntoid reaction because
the flushing of the skuin and the falling blood pressure resemble
the arculatory effects of the mtntes The nausea, vomting,
edema, dyspnea perspiration unconsciousness and collapse may
cud in death as m shock from other causes. T have had occasion
to perform necropsy examinations after two such fatalites In
each instance the congestive hemorrhagic and edematous appear
ances of the viscera were those already described as the char
actenstic pathology of shock.

Mercunc posoning may terminate fatally either by immediate
cffects or aiter a number of days as & result of renal damage
When death occurs within two or three days, 1t often is preceded
by mamfestations of arculatory collapse MeNider produced
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acute poisoning by injecting mercurnic chloride mtravenously
dogs He stated that death within forty-eight hours was preceded
by a condition of shock or collapse and that it was not due to renal
msufficiency

Goldblatt recorded a progressive declhine mn blood pressure,
accompamed by dyspnea, air hunger, increased respiratory rate
and declining temperature as features in acute mercuric poisoning
He described congestion and edema of the lungs and occasionally
marked sub-pleural ecchymoses as pathologic findings n dogs
These same features were observed by Harmon in human cases
of acute poisoning followed by early death Others have made
similar incidental observations but without comment on a relation-
ship between the necropsy findings and the shock-hke clinical
manifestations

Landis demonstrated the mjurious effects of mercuric chlonde
on endothehum by mjecting a 1 to 10,000 solution into the blood
This caused atony of the capillary walls and increased by seven-
fold the permeability of the endothelium

Dr Crawford and I reported a case mn which a man had swal-
lowed about 175 gr of mercuric chloride with swcidal intent
The chnmiaan, Dr E Quinn Thornton, stated that the most pro-
nounced signs were those of profound shock The patient neither
vomited nor purged severely and there was httle abdominal
distress There was suppression of urine, the temperature dechined
and the blood pressure fell progressively n spite of flmds given
mtravenously From profound shock he sank mnto coma and dicd
thirty-seven hours after taking the poison

The outstanding pathologic features were marked congestion
and cdema of the respiratory tract and of the abdominal viscera,
the presence of blood-tinged effusions 1n all the serous cavities and
capillary hemorrhages m the lungs, mucosz and parenchymaml‘ls
organs The usual cffects of mercuric chloride were observed in
the gastro-mtestinal mucosa, the hver and the kidneys. The
most significant feature was the condition of the lungs (Iig 19),
whose combined weight was 1,830 gm after much blood and i:iuld
had escaped as the lobes were sectioned and examned . The
microscopic appearance of the lung tissues (Fig 22) indicated
extensive endothelial damage

We concluded that mercuric chlonde, acting as a capillary
poison, produces both the chnical and the pathologic features

scen 1n shock originating m other ways
“The substances which will produce anaphylactoid reactions are






162 SHOCK IN OTHER CONDITIONS

after death, were 1dentical to those seen after anaphylaws and
after shock otherwise produced

Transfusion Reactions.—A charactenstic arculatory disturb-
ance 15 a frequent event after transfusion with mcompatible blood
The features of this vary somewhat, but discomfort, signs of
collapse, weakness, perspiration, vomiting, chills, a sharp nse in
temperature and a fall in blood pressure are the usual ones
(Bordley)  Suppressions of urine, albumin and hemoglobm m
the urine, a progressive increase in the non-protein mtrogen, a low
alkaline reserve, urticaria and purpura are prominent associated
features Death from shock may occur i a few hours or days,
otherwise marked deficiency of renal ehmimations 15 the most
striking feature of the delayed effects (sec Extrarenal Urcma,
Chapter XV)

The 1immediate reaction to transfusion with mcompatible blood
1s called “allergic” or “anaphylactic” by many wnters, this fact
indicates the general character of the symptoms Changes seen
at necropsy after early deaths are like those present in shock from
other causes, these include pulmonary hyperemia, edema, purpuric
spots 1n skin and mucosal surfaces, marked hepatic degeneration
and focal necroses, renal degeneration, edema and hematogenous
pigmentation

Most writers ascribe the systemic reaction to the effects of
hemoglobin resulting from hemolysis of either the donor’s or the
recipient’s corpuscles It has been shown (Phemister and Handy)
that shock can be induced 1n dogs by withdrawing blood, trauma-
tizing the corpuscles by shaking, then reinjecting the blood into
the same dog vPetroff and associates reported that njections of
hemolysed blood produced the charactenistic syndrome of shoch
mn ammmals This was accompanied by a fall 1n arterial and venous
blood pressure, decreased size of the heart, capillary paralysis and
dilatation and stasis and by characteristic changes in the chemistry
of the blood * These features were like those produced by hsta-
mine  Gesse’s reports are mn agreement with the findings of
Petroff

The observations that shock or “collapse” frequently results
from transfusion with 1ncompatible blood has not been questioned
The prevalent mterpretation of the phenomena described 1s that
products of hemolysis cause damage to endothehum, to hepatic
cells and to renal epithchum The functional disturbances are
evplained as due chiefly to these injuries
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Abdominal Emergencies.—Surgeons are farmliar with the fre
quent occurrence of arculatory failure inadent to grave abdommnal
conditions. Often the shock like character of these 1s recognized
end there has been much discussion as to the cause of the mam
festations An example of thus 18 seen 1n hugh mtestinal obstruction
or strangulation  There 13 no disagreement regarding the clmical
mamfestations of this nor that death results from circulatory
faslure

Cope observed that the most typical examples of secondary
shock and collapse are seen 1n cases of mtestmal obstruction
Stone, Whipple and Bernheim made extensive studies on the
effects of strangulation  The contents of 1solated or of strangulated
loops, when mjected into normal dogs produced violent 1llness
and death like the effects of strangulation There were vomiting
of flmd which contained bile, and diarrhea which was Iiquid and
contained traces of blood Unnation was suppressed, there was
salivation the temperature declined and the blood pressure fell

Their description of the postmortem appearances {s significant
There was marked congestion of the lungs liver, khidneys and of
the gastro-intestinal mucose.  The bining of the small bowel was
swollen and had a deep purple velvety appearance. The engorged
villi were seen 8s tiny red specks  The similanty of these features
to those seen by Erlanger e/ o) by Moon and others in expermental
shock, 18 striking

Stone and assoaates concluded that tonc substances are formed
m the obstructed loops and that the effects of these are to cause &
fall in blood pressure, temperature disturbances, vormting, diar
thea, disturbed renal function high non protemn blood nitrogen
delayed congulation of the blood profound visceral congestion,
collapse and death This interpretation has been substantiated
by the work of Murphy and Brooks of Dragstedt and associates,
of Hausler and Foster and of many others, but that interpretation
1 not held by all  Same believe that the hemoconcentration and
arculatory inefficency result from the loss of chlondes and of
flud by vamuting

Morgan and I (288%) noted that the blood became concen
trated rapidly after expenimental strangulation of the small bowel
n dogs. The dogs died of arculatory failure and the viscera
showed the marked congestion edema and ecchymoses character
istic of shock  When trypan blue was mnjected intravenoust
dunng fife the viscera and the edema flnd became distinetly blue
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m color This indicated increased endothehal permeability 1n
extensive visceral areas

High 1ntestinal obstruction 1s accompanied by persistent \ omit-
ing and 1s followed by peripheral circulatory failure in which
hypochloremia, azotemia, hemoconcentration and other char-
acteristics of shock are prominent It has been supposed that
hypochloremua, resulting from loss of chlorides in the fluid vomited,
was responsible for the entire syndrome This theory overlooks
the fact that hypochlorema occurs 1n shock onginating otherwise
and that 1t 1s an effect, not a cause Haden and Orr produced
ntestinal obstruction i rabhits and observed that these developed
hypochloremia and died with mamfestations like those seen
other amimals with obstruction Rabbits do not vomt, hence
that explanation seems nadequate

We designed an experiment to determine whether continued
vomiting, resulting from apomorphine, would cause concentration
of the blood or other signs of shock Blood examinations were
made and the dogs were weighed carefully prior to the experiment
Food and water were withheld until the experiments were fimshed
Repeated injections of apomorphine caused more voluminous
vommting than we have ever seen to result from experimental
strangulation of the bowel In twenty-four hours the dogs had
lost from 25 to 5 per cent of the body weight but showed no
signs of circulatory disturbance Both the peripheral and the
visceral tissues were shrunken and appeared dchydrated but
there was no delectable concentration of the blood 'This experiment
indicates that simple vomiting, even though prolonged and profusc,
will cause neither hemoconcentration nor shock It appears that,
if the mechanism of flud balance 1s not deranged, a loss of flud
amounting to 5 per cent of the body weight will not alter the
concentration of the blood nor impair the efficiency of the arcula-
tion

We concluded that the mechamsm of death in high intestinal
obstruction 1s not different from shock anising from other causes
Subsequently Scudder and associates published extensive studies
confirming this interpretation

Allchin (1907) described vividly the picture of shock which
develops after the rupture or perforation of the appendiy, stomach,
intestine, gall bladder, or the bursting of an abscess into the
peritoneal cavity  The degree of shock may be so great that the
patient dies within a few hours, befo ~ "o development of penito-
mtis occurs  Th rvatic - dantly confirmed m

%
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more recent surgical literature. Cope noted that the immediate
effect of such a catastrophe is pnmarv shock (see p 256) which
may merge nto grave secondary shock, with or without an anter
vening terval of time  He hsted the perforation of ulcers as
an outstanding example of this. ‘ In cases of intenmve pentomitis,
secondary shock is seen 1n 1ts worst form '

Climical descriptions of acute pancreatitis emphasize shock as a
prominent festure. ‘“The onset 18 sudden like a thunderbolt
from a clear sky The pamn 18 overwhelming, accompanied by
vomiting, rapid pulse, and signs of collapse more pronounced than
10 a perforating viscus” (Deaver) “Of the existence of shock n
acute pancreatitia there 1s never the shightest doubt” (Moymihan)
Finney and others substantiate these observations DeTakats
and Mackenzie recorded hemoconcentration as a feature They
suggested this as an indicator of the presence and of the degree of
shock, T have made necropsy examination in 6 cases of acute
pancreatitis and have reviewed the protocols of many others.
In cach instance both the cimical features and the necropsy find
mgs were those characteristic of shock.

The endence justifies the conclumon that arculatory fmlure of
the shock type 1s & prominent feature 1n a wade vanety of abdorm
nal catastrophes

The occurrence of shock after physical trauma, extensive surgical
operations or severe burns 1s an event easily recogmzed for m such
nstances the onset 1s rapid and the mgns are usually unmstakable
The clinical mamifestations and the physiologic disorders are thase
described n preceding chapters  When that syndrome develops
12 & previously healthy person as a result of physical trauma,
surgery or bumns 1its onset and ominous progress seldom escape
recogmtion But when the same type of arculatory deficiency
develops gradually m the course of some preéxisting disease, 1ts
presence oy be unrecognized or overlooked If detected, 1t 15
often mumnterpreted as evidence of cardiac failure or of vaso-
motor collapse

Metabolic Intoxications. —Death by circulatory failuse having
the essential features of shock as defined occurs occasionally in
conditions of grave metabolic disorders such as are seen in toxic
jaundice or icterus gravis, 1n diabetic acidosis and in toxemia as
4 complieation of pregnancy Atchley s discuswon of ‘medical
shock  included metabolic intoxications among the causes
Eppinger emphanzed icterus gravis and catarrhal jaundice as
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m color Ths mdicated mcreased endothehal permeabihity in
extensive visceral areas

High intestinal obstruction 1s accompanied by persistent vomt-
g and 1s followed by peripheral circulatory failure mn which
hypochloremia, azotemia, hemoconcentration and other char-
actenistics of shock are promment It has been supposed that
hypochloremia, resulting from loss of chlorides n the fluid vomuted,
was responsible for the entire syndrome This theory overlooks
the fact that hypochloremia occurs in shock onginating otherwise
and that 1t is an effect, not a cause Haden and Orr produced
intestinal obstruction 1n rabbits and observed that these developed
hypochloremma and died with mamfestations like those seen n
other animals with obstruction Rabbits do not vomut, hence
that explanation seems inadequate

We designed an experiment to determune whether continued
vomiting, resulting from apomorphine, would cause concentration
of the blood or other signs of shock Blood examinations were
made and the dogs were weighed carefully prior to the experiment
TFood and water were withheld until the experiments were finished
Repeated mjections of apomorphine caused more voluminous
vomuiting than we have ever seen to result from experimental
strangulation of the bowel In twenty-four hours the dogs had
lost from 25 to 5 per cent of the body weight but showed no
signs of arculatory disturbance Both the peripheral and the
visceral tissues were shrunken and appeared dehydrated but
there was no detectable concentratron of the blood This experiment
indicates that simple vormting, even though prolonged and profuse,
will cause neither hemoconcentration nor shock It appears that,
if the mechamsm of fluid balance 1s not deranged, a loss of flud
amounting to 5 per cent of the body weight will not alter the
concentration of the blood nor impair the efficiency of the circula-
tion

We concluded that the mechanism of death mn high intestinal
obstruction 1s not different from shock arnsing from other causes
Subsequently Scudder and associates pubhished extensive studies
confirming this interpretation

Allchin (1907) descrnibed vividly the picture of shock which
develops after the rupture or perforation of the appendix, stomach,
intestine, gall bladder, or the bursting of an abscess into the
peritoneal cavity The degree of shock may be so great that the
patient dies within a few hours, before the development of perito-
nitis occurs These observations are abundantly confirmed n
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more recent surgical hterature  Cope noted that the immediate
effect of such a catastrophe 1s pnmary shock (see p 256) which
may merge into grave secondary shock, with or without an inter
vemng interval of time He lsted the perforation of ulcers as
an outstanding example of this  “In cases of intenave pentomtis
secondary shock 18 seen in 1ts worst form '

Chnical descriptions of acute pancreatitis emphamze shock as 2
promment feature “The onset 18 sudden, Like a thunderbolt
from & clear sky The pamn s overwhelming accompamed by
vomiting rapid pulse, and sigas of collapse more pronounced than
in a perforating viscus” (Deaver) “Of the existence of shock 1n
acute pancreatitis there 13 never the shghtest doubt” (Moynihan)
Finney and others substantiate these observations. DeTakats
and Mackenze recorded hemoconcentration as a feature They
suggested this as an indicator of the presence and of the degree of
shock. I have made necropsy examination in 6 cases of acute
pancreatitis and have reviewed the protocols of many others
In cach Instance both the chinical features and the necropsy find
ings were those charactenstic of shock.

The evidence justifies the concluson that arculatory failure of
the shock type is & prominent feature in & wide vanety of abdomi
nal catastrophes.

The occurrence of shock after physical traume, extenave surgical
operations or severe burns 1s an event eamly recogmzed for in such
instances the onsct 18 rapid and the signs are usually unmistakable
The chimcal manifestations and the physiologic disorders are those
described 1n preceding chapters  When that syndrome develops
In a previcusly healthy person as a result of physcal trauma,
surgery or burns 1ts onset and omunous progress seldom escape
recognition But when the same type of curculatory deficiency
develops gradually m the course of some preéxisting disease 1ts
presence may be unrecognized or overlooked If detected, 1t 18
often musinterpreted as evidence of cardiac falure or of vaso-
motor collapse

Motabolic Intoxications. — Death by arculatory failure, having
the essential features of shock as defined occurs occasionally n
conditions of grave metabolic disorders such as are seen 1n toxic
jaundice or fcterus gravis, in diabetic acidosis and m toxemia es
2 complication of pregnancy  Atchley s discussion of “medical
shock  included metabolic intomcations among the causes
Eppinger emphasized fcterus gruvis and catarrhal jaundice as
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m color This indicated mcreased endothehal permeaby)
extensive visceral areas

High intestinal obstruction 1s accompanied by persistent -
ing and 1s followed by peripheral arculatory faiure n
hypochloremua, azotema, hemoconcentration and other
actenistics of shock are promment It has been supposec
hypochloremia, resulting from loss of chlorides in the fluid vo:
was responsible for the entire syndrome This theory ove
the fact that hypochloremia occurs in shock onginating oth
and that 1t 1s an effect, not a cause Haden and Orr pro
intestinal obstruction 1n rabbits and observed that these dev:
hypochloremua and died with mamfestations hike those s
other anmmals with obstruction Rabhts do not vomt,
that explanation seems madequate

We designed an experiment to determine whether cons
vomiting, resulting from apomorphine, would cause concent
of the blood or other signs of shock Blood examinations
made and the dogs were weighed carefully prior to the expen
Food and water were withheld until the experiments were fin
Repeated mjections of apomorphine caused more volun
vomiting than we have ever seen to result from expern
strangulation of the bowel In twenty-four hours the dog
lost from 25 to 5 per cent of the body weight but show
signs of circulatory disturbance Both the peripheral an
visceral tissues were shrunken and appeared dehydratec
there was no delectable concentratron of the blood This exper
mndicates that simple vormiting, even though prolonged and pr
will cause neither hemoconcentration nor shock It appears
if the mechamsm of flmd balance 1s not deranged, a loss of
amounting to 5 per cent of the body weight will not alte
concentration of the blood nor impair the efficiency of the c
tion

We concluded that the mechamism of death mn high mte
obstruction 1s not different from shock ansing from other c:
Subsequently Scudder and associates published extensive st
confirmmg this interpretation

Allchin (1907) described vividly the picture of shock 1
develops after the rupture or perforation of the appendix, stor
intestine, gall bladder, or the bursting of an abscess mt
peritoneal cavity The degree of shock may be so great tha
patient dies within a few hours, before the development of p
nitis occurs These observations are abundantly confirme
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Obstetrlc Shock.—The development of circulatory collapse in
the course of pregnancy or labor has been recorded by many
wnters. As in shock due to trauma, hemorrhage may be an
important contnbutory factor That loss of blood 15 not the
primary cause 18 mndicated by the occurrence of collapse when
little or no blood has been lost, by the associated hemoconcentra
tion, by the conditions found 1 the viscera at necropsy and by
the fact that the results of massive hemorrhages may be counter
acted more effectively by infusons of fluids or by transfusion,
while in ghock these may fail to restore arculatory efficiency

Cox (1853) described an nstance in which collapse accompanied
by inmgmficant hemorrhage occurred m a young healthy pnm
para  Bailey noted that the rapid decline 1n blood pressure seen
i collapse associated with eclampsia, resembled the efiect of
veratrin  Drnscoll reported that the most serious type of shock
may occur m “nephntic toxemia ’ dunng pregnancy He noted
also the contributory effects of anesthemia when operative pro-
cedures were undertaken in such cases

Adarr, Hunt and Arnell analyzed the ‘‘vascular collapse in
toxermas of pregnancy” seen 1 1018 such cases. A marked fall 1n
blood pressure, prior to dehivery and unaccompanied by hemor
rthage, was recorded m many nstances Mclllroy concluded that
shock associated with the puerperal state 1s due to a condition of
toxemla. Adair and Stieglitz noted that the clmcal feature n
such cases resembled those of anaphylans. They recognized this
as a grave compheation of pregnancy

De Lee confirmed the observations just ated and noted hemo-
concentration as indicated by increased numbers of erythrocytes
In one case a count of 9 000,000 was recorded He stated that
syncope dunng eclampsa or sepss is attended by ecute pulmonary
cdema and that the condition resembles anaphylaxis The
necropsy findings in fatal cases were sigmificant  Congestion,
edema and petechial hemorrhages were found 1 the bran  The
Iver showed degeneration and contamned areas of hemorrhagic
necroses.  Parenchymatous and fatty degeneration found 1n the
kidneys were attributed to the toxema. ‘We beleve that the
nephntis (in eclampsia) is only a part of a general disturbance
affecting all the capillanes and body tissues  The lungs were
hyperemic and cdematous and frequently there were petechial
hemorrhages in the pleure and epicardium  Broncho-pneumonia
*23 a terminal complication 1n many nstances (see Chapter \1V)

Most of the pathologic studics on eclampsia have emphasized
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llustrating the development of shock 1n chinical cases  He recorded -
hemoconcentration as a characterstic feature

I have reported 2 cases mn which severe intoxication associated
with acute hepatic necrosis presented the clinical features of shock
In one of these, the concentration of the blood reached 40 per cent
while the blood pressure was at 1ts highest recorded pomt The
blood pressure declined steadily during the twenty-four hours
preceding death  Postmortem examination revealed extensive
hepatic necrosis and the circulatory features which are character-
1stic of shock

My associates and I have produced shock 1n dogs by implanting
liver substance 1 the peritoneal cavity and by injecting bile or
sodium glycocholate mtraperitoneally or intravenously The
manifestations and postmortem findings were indistinguishable
from those of shock otherwise produced These experiments
do not bear upon the causation of icterus gravis or of, catarrhal
jaundice, but they indicate that the absorption of bile or of
damaged liver substance may produce circulatory effects resulting
n shock

Metabolic ntoxication 1s a prominent feature m advanced
stages of diabetes Ketone bodies, diacetic acid and B-oxy-
butyric acid are known products resulting from the imperfect oxy-
dation of fats “The metabolic fire may be said to smoke with
these poisonous products of incomplete fat combustion” (Boyd)
In Atchley’s experience “the acidosis of diabetes affords the most
clean cut example of medical shock” and most deaths 1n diabetic
coma are due to shock “How far shock may be responsible for
the symptoms and fatahties in diabetic acidosis 1s still uncertain,
but 1ts part probably has been greatly underestimated” (Peters)
Schecter, Wiesel and Cohn recently cited previous observations
on the shock syndrome in diabetic acidosis They reported 8
cases 1n which low blood pressure, high hemoglobmn and hematocnt
readings, and reduced volume flow of blood were mamfestations
of peripheral circulatory fallure They believed this syndrome
resulted from some histo-toxic factor combined with the effects of
anoxia

Warren has described visceral congestion, edema and ecchymoses
1n mucous and serous surfaces as the usual necropsy findings after
death from diabetes I have made the same observations at post-
mortem 1n such cases Apparently the intoxication of diabetes
affects the circulation m much the same manner as do other agents
which cause endothehal damage
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Infections.—A condition of arculatory collapse often develops
in severe infections.  This 18 independent of the species of the
infecting agent, but appears to depend on the seventy of the
individug! case. “There 18 no doubt that the cleavage products
produced from proten by the action of ferments or bactena can
produce a condition 1 many wavs resembling the secondary shock
described by military surgeons  The recogmtion of this {actor
brings sccondary shock into relation with the state of collapse
produced by severe bactenal toxerma  (Dale)  Atchley desenbed
this phenomenon as an wstance of ‘ medical shack

“ Doubless you will all recall m your own expenencet with severe infec
nous ducates particularly pneumonia and typhod fever panents who
have presented the pcture of falhng blood presture, raptd pulse and col
Lame  Certawmly 1 many nstances this serrous comphication 1 2 mank-
festaton of shock and probably results from an increase in the vascular
bed due o capillary damage. Confumon of this state with cardiac faflure
il resule tn misdirected and posnbly harmful therpy There 1a
no doubt that the mnpoctance of the state of shock particularly as 1t occurs
mh:he fitld of internal medicine has not recetved s gust and proper em-
phass

He noted the picture of shock presented mn fatal cases of
influenza, also 1 the systemic reaction to an overdose of pneumo-
coceal vacane  Warfield confirmed the previous obseriations
and attnbuted the airculatory deficiency to the effects of hustanme
like substances on the camllanes he recogmzed low blood volume
and hemoconcentration 23 charactenatic features.

MacCallum observed that severely infected paticnts may die
with gymptoms like those of surgical shock and gave diphthentic
Intoncation es a charactenstic example  Harding analyzed over
800 cases of diphthena and stated that the toxemic stage closely
resembles wound shock or the efiects of severe hemorrhage  She
recorded hemoconcentration and edema of the tissues as promnent
featares in such ceses and attributed these to mcreased permes
bility of the capillary endothchum Dheckhoff made estimations
of bloed valume m children severely f of diphthena and showing
signs of collapse  The total blood volume was decreased by about
50 per cent and increased concentration of corpuscles was shown
by hematoent.

The injection of diphthentic tomn mtravenously will produce
anaphylacteid mamfestations and death Ewing reported circu
Iatory collapse accompanied by hemoconcentration developing m
animals after wnjections of toxins derived from typhod bacilh



168 SHOCK IN OTHER CONDITIONS

renal abnormahties and have failed to record the appearance seen
elsewhere ~ When the conditions m other viscera have been
described, they conform closely to the pathology of shock
Lubarsch reviewed the pathologic finding m 69 reported cases
and 1 16 necropsies of his own Regularly the lungs were deeply
congested, edematous and contained ecchymoses What was
described as “a hemorrhagic broncho-pneumoma” was present i
a majority of the cases The bacterial flora as shown by direct
microscopy and by cultures, was mixed and indicated that the
pneumonia was a secondary process, not due to any specific type
of orgamism Simular findings have been reported by Francesco,
Bell and others This type of pneumonia, occurring as a terminal
event 1n sublethal shock, 1s discussed in Chapter XIV

In some cases Sheechan found ecchymoses beneath the epi-
cardium, 1n the peritoneum and in the ovaries and lungs He did
not attempt to draw distinctions between true shock uncompl-
cated by hemorrhage, and arculatory failure in which loss of blood
was the chief factor Hence his findings cannot be analyzed
accurately

Hansen discussed circulatory collapse incident to pregnancy
and labor, under 5 headings or groups according to the chuef
cause  Amemea due chiefly to hemorrhage, mervous collapse,
resulting from vasomotor reflexes, foxic collapse was assigned to
the action of some biochemical agent and was exemphfied by the
intoxication of eclampsia He regarded one form of this which
he designated “eclampsia without convulsions” as especally grave
because 1t does not yield to treatment and usually terminates 1n
death by circulatory failure

Recently Matthews summanized the subject of obstetric shock
and emphasized hemoconcentration as a means for its recognition
and 1ts differentiation from hemorrhage A survey of reports
indicates that shock may occur as a complication of pregnancy
under two principal conditions as a result of toxemia or as a
complication of prolonged or difficult labor In the latter condi-
tion, hemorrhage 1s frequently a contributory factor of major or
munor importance I have made necropsy examinations in each
of these types of obstetrical shock and have found the visceral
changes characteristic of shock m each When hemorrhage has
been a major factor the viscera are dry and 1schemic

Both the chinical and the pathologic evidence indicates that
circulatory failure of the shock type may occur as a complication
of pregnancy or of the puerperal state
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Infections —A condition of arculatory collapse often develops
in severe infections. This 18 independent of the species of the
infecting agent, but appears to depend on the seventy of the
idividual case “There 13 no doubt that the cleavage products
produced from protemn by the action of ferments or bactena can
produce a condition 1 many ways resembling the secondary shock
described by military surgeons. The recogmtion of this factor
brings secondary shock into relation with the state of collapse
produced by severe bactenal toxema ' (Dale) Atchley descnbed
this phenomenon as an instance of “medical shock”

Doubtlest you will all recall 1n yoor own expenences with severe infec
tous duseases, parncularly pneumonma and typhoid fever pauents who
have pregented the prcture of falling blood pressure, mapid pulse and col-
lapse  Certamnly 1n many instances thu senious complication 15 a manr-
festanon of shock and probably results from an mcrease m the vascular
bed due to capillary damage. Confusion of thu state mith cardize fallure
will result in musdirected and poesibly barmful therapy There 1s
o doubt that the importance of the state of shock particularly as 1t occurs
rr;Jthc field of internal medicine has not received 1ts just and proper em-
phans.”

He noted the picture of shock presented in fatal cases of
mfluenza also in the gystemic reaction to an overdose of pneumo-
coceal vacane. Warfield confirmed the previous observations
and attnbuted the arculatory deficiency to the effects of istamine
Iike substances on the capillaries he recogmzed low blood volume
and hemoconcentration as charactenstic features

MacCallum observed that severely infected patients may die
with symptoms like those of surgical shock, and gave diphthentic
Intoxication as a charactenstic example Harding analyzed over
800 cases of diphthena and stated that the toxemic stage closely
resembles wound shock or the effects of severe hemorrhage  She
recorded hemoconcentration and edema of the tisyues as prominent
features 1n such cases and attributed these to increased permea
bility of the capillary endothehum Dieckhoff made estimations
of bleod volume in chuldren severely 1ll of diphthena and showing
nigus of collapse  The total blood volume was decreased by about
50 per cent and increased concentration of corpuscles was shown
by hematoent.

The injection of diphthentic toxn intravenously wall produce
anaphylactoid mamfestations and death Ewing reported circu
latory collapse accompanied by hemoconcentration developing 1n
animals after injections of tomns denved from typhoid bacilh
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I have produced these effects i dogs by injecting bacteria-frec
filtrates from cultures of enterococci and streptococer  Many such
results have been recorded by others

Rapidly fatal cases of influenza, dying within twenty-four to
seventy-two hours, mamfested crculatory faillure which the
chimicians termed collapse or shock My curiosity concermmng this
phenomenon was first excited by the fact that erythrocytic counts
in such cases ranged between 6,000,000 and 8,000,000 At that
time I could find no satisfactory explanation for this acute erythro-
cytosis Underhill and Ringer found hemoglobimn values ranging
from 110 to 140 per cent in severe cases Death resulted in each
such instance There was no mstance of hemoconcentration fol-
lowed by recovery These rapidly fatal cases did not die of
penumonia The postmortem findings were exactly similar to
those found after death from severe burns of the skin or those
resulting from acute poisoning as with mercuric chloride

Eppinger and Schurmeyer stated that the capillaries appear to
be injured 1n varying degrees 1n all acute febrile diseases They
observed that in most mstances, shock does not develop early
but at the height of the illness or during convalescence, 1t comes
on not suddenly but gradually and nsidiously, usually leading to
immediate death The “false crisis,” seen mn typhoid fever or
pneumonia, was explained as due to the onset of shock Fishberg
stated that arculatory failure m acute infectious diseases 1
usually peripheral rather than cardiac in origin, the climcal picture
1s fundamentally the same as 1n traumatic shock In such cases
the symptomatology was such as to leave no doubt of the peripheral
ongin of the airculatory faillure “‘Shock 1s one of the develop-
ments most to be feared in pneumonia Except for patients with
antecedent heart disease, whose greatest danger 1s heart failure,
death m pneumonia 1s generally ushered in by peripheral circu-
latory collapse The picture 1s the classical one mn shock ”’

Stewart called attention to the syndrome of postoperative shock
caused by fulminating hemolytic streptococcal infection of the
wound He reported four mstances of this condition ~There was
an nterim of twenty-four hours after the onset of shock before the
presence of wound nfection was suspected or shown

The products of bacterial growth m contaminated wounds
contribute mn an mmmeasurable degree to the development of
shock Ths statement apphes to saprophytic as well as
pathogenic orgamsms  Dewvitalized tissues provide an optimum
medium for bactenal growth, products of which produce systemic
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efiects when absorbed. The early débndement of such wounds
reduces this factor effectively

Death by penpheral arculatory failure occurs also n typhod
fever, typhus, yellow fever, plague, puerperal sepas, scarlet fever
erympelas and 1 other severe acute infections  Circulatory farlure
in these conditions 1s often assigned erroneously to cardiac weak
ness by internists and surgeons. Likewise pathologists often make
an unwarranted assumption 1n applying the term acufe passive
congesiion 10 engorged edematous and ecchymotic appearances in
the viscera except when there are demonstrable pnmary pathologic
changes in the heart. In the absence of cardiac pathology, many
instances of so-called congestive hear! faslure may be found to be
peripheral rather than cardiac 1 ongin

Summary —It appears that the arculatory failure in anaphylaxs
results from the effect of the foreign protein upon the senmbized
capillary endothellum When given intravenously, this effect 13
almost instantaneous, the immediate capillary atony and abnormal
permeability of the endotheljum account for the sudden disturb-
ance of the arculaton  When death does not follow immediatelv,
the clinical mgns and the chemical changes in the blood are the
same as 1n shock from other causes. The validity of this inter
pretation 1s substantiated by the tissue changes seen at necropsy

Many chemicals and poisonous substances denived from plants,
ammals and bactena, produce anaphylactod or “mtritoid” reac
tions by virtue of their effects upon endothebum This action
accounts for the mmilanty of the mgns and symptoms to those
of anaphylaxs

The reaction from transfusion with incompatible blood 1s smilar
to that of anaphylaxis and appears to ongnate from the effects
of hemolyed erythrocytes upon endothelum

Abdominal catastrophes such 2s intestinal obstruction, strangu
lation perforations, mesentenc thrombosis, pancreatitis, and
acute general pentomtis, regularly present the syndrome of shock
Vomiting 15 & feature m these as in other mstances described
However loss of chlondes 1n the fluid vomted 15 not an adequate
explanation for the associated mamfestations Intoxcation with
products absorbed from damaged mucose and other tissues, from
intestinal contents from bactenal contamnation and nfection,
appcars as & major factor n disturbing the systemic arculation

So-called metabolic intoxications often lead to penpheral circu
latory failure These include toxic jaundice or icterus gravis
ciabetes and the toremias of pregnancy  The nature of the
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intoxicating agents has not been shown, but the character of the
symptoms and the changes found at necropsy leave no doubt as
to the relation between these and the syndrome of shock Degen-
eration and necrosis of liver 1s a prominent feature 1n this group,
substances produced by autolysis of hver may be an important
contributory factor, such substances are effective i producing
shock experimentally

Infections of unusual severity will produce all the mamfesta-
tions and disturbances which accompany shock Dale recognized
this fact and included products of bacterial growth and of infec-
tion, among the agents which have a histamine-hke action

The one factor common to all these conditions 1s endothehal
permeabihity with consequent disturbance of the circulation and
of flud balance In anaphylactic and anaphylactoid states, the
endothellum appears to be injured directly by the agent used
In the other instances 1t appears that products of proteolysis,
metabolic “toxins’”’ and substances resulting from bacterial growth
and infection, affect endothelium with similar results



CHAPTER XIV

SUBLETHAL SHOCK

Suocx 18 a arculatory defiaency which occurs in varying degrees
and with varying rapidity  This statement may seem to emphasize
the obvious, but the fact 1tself 1s 50 important as to justify the
emphams. Maximal degrees of shock lead rapidly to death
mmmal degrees are followed by recovery The effects of inter
mediate or sublethal degrees of shock have not received adequate
consderation as complications m surgical and medical conditions
The complications which develop when shock persists for several
days, are discussed 1n thus and in the subsequent chapter

EDEMA

The term edema s apphed to an abnormal accumulation of
flud 1 the cells and spaces of living tisues.  Understanding of
all the forces which may contnbute to this condition 1s not com
plete It 15 known, however, that three major factors contribute
to the development of edema  Elevation of capillary blood
pressure, vanations in osmotic preasure between the plasma and
the tissue fluds, and increased permeability of the capillary
endothellum  Space 18 lacking for a consideration of the first two
of these factors but ewmidence concerning increased endothehal
permeability will be summanzed

Researches on capillary pbymology have shown that any type
of njury to endothelium umpairs 1ts normal impermeahility to
proten and to other collmds Landis found that capillanes
damaged expermmentally by vanous agents became 7 times more
permenble than normal  “In view of this seven fold increase n
permeabilty the rapuhity with which shock or inflammatory
edema develops does not scem 2o extraordinary  He showed that
severe capillary damage produced prompt stams of the dreulation
and hittle edema, while lesser degrees of damage produced marked
edema. This observation conaides accurately wath the expenence
of my assocates and myself in the expenmental production of
shock by various means.

When shock. developed rapidly and death occurred early there
was little visible edema but very marked stasis engorgement and
capillary hemorrhages were present  Such results followed the

(173)
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mtravenous injection of histamine, peptone, snake venom, various
tissue extracts and foreign protem m sensitized amimals When
death occurred at longer intervals the edema was progressively
more marked The implantation of small amounts of muscle pulp
or of other tissue substance in the peritoneal cavity often caused
death after twenty-four hours or longer Death after extensive
trauma, surgical procedures, burns, or from shock orgmating
otherwise 1n man seldom occurs 1n less than twenty-four hours
In such experimental and clinical conditions there 1s marked
edema, particularly of the lungs and mucose

Eppinger gave detailed consideration to crculatory collapse
occurring m various chnical conditions These included burns,
food poisoning, metabolic intoxications, severe infections and the
effects of veronal and other poisons He found hemoconcentration
in all cases of shock, regardless of the condition causing 1it, and
attributed 1t to mcreased permeability of the capillary membranes
He found albuminous fluid 1n the mtercellular spaces of the tissues
1n each of the conditions mentioned This fluid had a high protein
content, approaching closely that of the blood plasma The
mcreased permeability of the endothelium, which resulted m
leakage of plasma and m hemoconcentration, was regarded as of
such primary importance that it constituted the title of his
monograph “Die serose Entzundung ”’

Pulmonary edema occurs clinically and 1s seen at necropsy
with great frequency Its presence associated with subacute
nephnitis, cardiac decompensation, starvation or dietary defici-
encies, 1s not difficult to interpret Another type of pulmonary
edema occurs mn cases of severe acute infection, intoxications,
serum disease, poisomng with veronal, emetine and with other
drugs, also after burns, extensive trauma, and prolonged or com-
plicated surgical procedures In such cases the flmd has a high
specific gravity and a protein content closely approximating that
of the blood plasma

There have been only a few reports on the experimental produc-
tion of this type of pulmonary edema Grossman found that
intravenous mjections of muscarin caused a fall in blood pressure
followed by death. The lungs in dogs so treated were markedly
edematous Lowit confirmed these observations Miller and
Matthews injected an aqueous solution of 10dine intravenously
mnto ammals This produced marked edema of the lungs which

they attnibuted to vascular injury (
Auer and Gates, Schrmdt and others found that mjections 0
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adrenahn m large doses produced disturbances of the arculation
and, n severe cases, death  There were marked pulmonan edema
and numerous hemorrhages wn the lungs in these amimals.  Bain
bndge and Trevan, Erlanger ef ol , and others produced mmular
effects. The mechamsm by winch adrenahin causes shock haa
been discussed m & previous chapter

Manwanng and his sssocates perfused 1solated organs of dogs
sensitieed to horse serum, with flud contaiming small amounts of
horse proten  Such expenraents resulted in marked edema of
the lungs and of the intestines  Sumilar perfuston in non sensitized
dogs produced no such cffect They regarded these results as
indicatmg that in anaphylams the capillary wells are rendercd
abnormally permeable

Underhsll and others have shown that marked cdema of the
lungs results {rom the mhalation of varous iritating or poisonous
guees. This was observed a8 & most distressing feature in those
msed with chlorine or phosgene dunng World War I Death in
wich cases was atinbuted directly to the pulmonary edema
Underhull noted marked hemoconcentration in such cases and in
dogs after inhalations of sunilar gases. This was explamed as due
to the leakage of the blood plesma mnto the alveol of the Junga
leaving the blood more concentrated

Lambert and Gremels produced edema by perfusing the vessels
of *heart lung preparanons” with defibninated blood which had
been atored 1n refngeration  Such defibrnated blood appenred
to be very toxic to such organs. Edems was produced also by
adding minute quanhties of porsons such as sitver nitrate to the
perfusion fud  They recognized abnormal permeability of the
capullanes as the cause for the escape of fluid {rom the blood and
saw in these expenments a possible explanation of the pathogenests
of pulmonany edema 1n man

These observations suggested to us that pulmonary edema might
be produced experimentally by inducing shoch of gradual develop-
ment or 1 degrees not immediately fatal Accordingly sublethal
dff;':g& of shock were produced by vardous means and the effects
nol

Fresh muscle pulp as desenbed in Chapter M1, was implanted
intrapentoneatly in doses ranging from 2 5 to 3.5 gm per kilogram

doses were smaller than these which caused rapidly fatal

effects. The dogs became i and hemoconcentration developed
2y 1 the previous expenments.  Death occurred at intervals
rasging from thirty -sx hours to four days. The lungs were found
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engorged and much above normal weight Blood-tinged frothy
flud escaped i quantities when pressure was apphed after
sectioning  This fluid had a high protemn content and the speafic
gravity was only shghtly below that of the blood plasma In
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some cases there was blood tinged flud 1n the pencardial and
pleural cavities  In other particulars the necropsy findings were
Iike those already recorded after expenmental shock (Fig 19)

Exactly mmilar results were obteined when ghock with delayed
death was produced by other means These included burns
mtestinal obstruction, barbital given by mouth, bile, cholic salts
peptone, foreign protems and histamine gven by imjection  In
each imstance, hemoconcentretion was an antemortem feature
and the speafic gravity of the edema flwd was almost equal to
that of the blood plasma. Edema of this type results from
increased endothehal permeabiity  Apparently, vanous agents
and conditions which cause mjury to endothehum will produce
edema provided the dosage given 1s not sufficent to cause imme
cdiate death

The mechamsm of ongn of this type of pulmonary edema 1s
ntegral with that of shock.

TERMINAL PNEUMONIA

Each of the various conditions 1n which sublethal shock occurs
are predposed to develop secondary pneumoma as a terminal
complication. Lungs in which the crculation 1s sluggish and in
which the spaces are filled with albuminous fluid —edema—present
conditions 1deal for the development of pneumoma Human
respiratory passages harbor varnious pathogenic orgamisms, and
the edema flud provides an excellent culture medium for thejr
growth  Systemic remstance may have been lowered by disease
injury or mtoxcation, and pulmonary resistance is impaired by
the arculatory neficency Under such conditions the develop-
ment of pneumonia 18 almost wevitable The mechanism of 1ts
orgin 1§ 1dentical with that of pneumoma m pulmonary pesave
congestion inadent to cardue decompensation. The difference
ltes 1n the mode of ongn of the congestion and edema.

Morphologic Features. —In such pneumoma the lungs present
verymg degrees of diffuse widespread congestion edema and
uregular patchy consolidation Due to the effect of grawity
these findings are most marked in the dependent portions.  Grosaly
such lungs are heavy wet and of increased denmty  The con
solidated areas are jll defined by palpation, merging imperceptibly
wth adjacent areas of congestion and edema. The lungs have a
deep reddish purple color  When they are sectioned frothy sero-
sanguineous fliid escapes freely and the bronchial mucosa 1s

swollen, edematous and cyanotic
12
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The areas of consolidation vary greatly 1n size, distributc
number, depending on the degree of the congestive proce:
the tume elapsing before death Occasionally the areas b
confluent and extensive but then the condition does not res
lobar pneumoma The consolidation, even when compl
not firm but rather soft and edematous, increasingly so t
the anterior portions Also the color 1s less umform and pr
a motthng of darker red and highter grayish red patches N
does this condition resemble true broncho-pneumoma for 1
not arise from the bronchi nor does its distribution confo
all to that of the bronchial branches

Microscopic examination shows marked engorgement ¢
capillaries and venules, and albuminous flmd filling the a
The fluid contains varying numbers of leukocytes, chiefly
morphonuclear in type The mononuclear forms, howeve
more numerous than in primary pneumomas The leuks
distribution 1s not umform, some areas contan only a few,
contain many, and 1n others they are densely packed Theex
may contain red cells from capillary hemorrhages and {ron
pedesis and sometimes hematogenous pigmentation 1s prom
The outstanding microscopic features are the congestion
evident stasis of blood in the minute vessels and the re
absence of fibrin, even where consolidation 1s most mi
(Fhg 22)

The bacteriologic findings are inconstant No one org:
or type of orgamisms provides the infectious factor Asn “1
static pneumonia” and in that of cardiac decompensation
bacterial flora 1s mixed and various Several organisms are us
present 1 cultures from consohdated areas  Pneumor
streptococct, staphylococci and Micrococcus catarrhalis
dominate, but various bacilli may be cultivated also Wha
bacterial forms are present in the person’s respiratory tract
determine largely those recovered by culture from the pneun
arcas This 1s essentially a mixed infection

Postoperative Pneumomia,—Surgeons are keenly aware o
danger of pneumonia after extensive surgical procedures
has been attributed to such factors as the aspiration of s
the irntating effect of ether on the respiratory mucosa ol
loss of body heat during or after the operation But I have
no discussion 1 which the development of a sublethal degr
shock was suggested as a possible factor That such pneum
s not due to aspiration of sahiva or to bronchial irritation, 1s st
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by 1its distubution It does not anse about bronchi nor does 1t
conform mn any particular to their distnbution

Very frequently T have found secondary pneumomna in hyper
emic edematous lungs when death has occurred a few days after
extensmive surgical procedures. When erythrocytic counts were
made after the operations they showed hemoconcentration which
indicated that the mechamsm of shock was operative It eems
probable 1n such cases that a subchnical degree of shock has
occurred, inadent to the operation, and that this was the precursor
for termmnal pneumoma.
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Fia. 21 —Inapl after with mercunc chlonde. Leuko-
cytic mfiltration 15 begrmmng in hyperemuc, edematous lung tissuc,

Pneumonia After Buma, —It 1s well known that extensive burns
result m death through shock  The pathologic features secn at
necropsy are of the same type as seen 1n shock from other causes.
One of 3 results may be expected after severc burns  death through
shock withn forty-eight hours subsequently death from pneu
monia, or recovery An acadent in which 3 men were burned and
brought to the hospital at the same time furmshes an nstance
of these results Shock was & pronounced feature 1n each case
24 shown by climical signs and by hemoconcentration  ‘The blood
of the man most severely burned contained 8 350 000 red cells per
cubiec milimeter a few hours after the ncadent. He died within
forty eight hours and the necropsy showed the visceral congestion
edema and ecchvmoses usually found after death from burmns.



180 SUBLETHAL SHOCK

Another of the victims hived seven days During this time the
erythrocytic counts fluctuated between 4,600,000 and 6,000,000
Marked bilateral pneumonia 1 congested edematous lungs was
shown postmortem This had all the features described n the
section on morphologic characteristics

The man whose burns were least extensive hved The con-
centration of his blood decreased gradually as his condition pro-
gressed toward recovery

These cases are cited as illustrative of the usual results of
extensive superficial burns and of the occurrence of pneumoma
of the type under consideration We have found termnal pneu-
monia also m ammals that hved six or eight days after expen-
mental burns

Pneumonia After Anesthetic and Hypnotic Drugs.—Several
therapeutic agents of this class tend to produce circulatory failure
hke that of shock 1f given 1n large doses The barbiturates used
as sedatives and as anesthetics for man and for ammals under
expenmentation furnish an excellent example of this action It
1s well known that some of these will produce mamifestations like
those of shock

Seevers and Tatum recorded marked wisceral hyperemia at
postmortem examnation after prolonged use of barbital m small
doses (01 gm per kilogram) in dogs There were subendocardial
hemorrhages, the lungs were intensely congested, and extravasated
blood was seen 1 the alveoh and bronchi There were intense
congestion and capillary hemorrhages m the gastro-intestinal
mucosa, and the hver, kidneys, adrenals and meninges werc
hyperemic These same features are recorded as the character-
1stic appearances after death from overdoses of veronal and of
other barbiturates The similanity of these circulatory cfiects
to those of other agents injurious to capillaries, needs no cmphasis

I have found these same congestive, hemorrhagic and edematous
features after profound narcosis obtained with compounds of
barbital Dr Morgan and I (288%) reported on the ecffects of
sodium phenobarbital given by mouth in the production of experi-
mental pulmonary edema This caused hemoconcentration and
death by arculatory failure in dogs The wvisceral appcarances
were the same as after shock otherwise produced Pulmonary
hyperemia and edema were promment Pneumonia of the type
discussed developed m 2 dogs in which decp narcosis was con-
tinued several days
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There have been reports of pneumonia and other untoward
effects from deep anesthesia obtaned with barbiturates and
smular drugs. I have descnibed an instance in which an overdose
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of sedormud produced profound narcosis and desath by circulatory
fulure The pathologic features of shock were present in char
actenstic pattern  Pneumonia was already developing i the
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Another of the victims hived seven days During this time
erythrocytic counts fluctuated between 4,600,000 and 6,000
Marked bilateral pneumoma i congested edematous lunge
shown postmortem This had all the features described -
section on morphologic characteristics

The man whose burns were least extensive lived
centration of his blood decreased gradually as his cond
gressed toward recovery

These cases are cted as ilustrative of the usual
extensive superficial burns and of the accurrence of
of the type under consideration We have found ter
monia also in ammals that hived six or eight days
mental burns

Pneumonia After Anesthetic and Hypnotic T
therapeutic agents of this class tend to produce o
like that of shock 1f given 1n large doses The'!
as sedatives and as anesthetics for man and *
experimentation furmsh an excellent exampl
1s well known that some of these will produc
those of shock

Seevers and Tatum recorded marked -
postmortem examination after prolonged 1
doses (01 gm per kilogram) in dogs Tl
hemorrhages, the lungs were intensely cor
blood was seen in the alveol and bror
congestion and ' capillary hemorrhag
mucosa, and the liver, kidneys, ac
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condition of the lungs correspands to the morphologic descnption
of secondary pneumoma given m & preceding sechon

Bactenologic reports on influenzal pneumonia made m 1918~
1919 from Inboratones in vanous parts of the world showed no
unformity of results. The fact that vanous orgamsms were
cultivated and that mixed cultures were abtamed m most cases
led to the belief that the pneumona was a secondary nfection
with whatever organitms predormmated 1 the patient’s resprratory
tract at the tme It was concluded by same that the pnimary
infectious agent of mfluenza was not cultivable by the usual
methods and had not yet been demonstrated  Subsequent
developments have supported these views.

Both the chmcal signs of shock i severe mfluenza and 1n other
fulminating infections, the tindimg of pulmonery congestion and
edema after death in such cases and the development of hemor
rhagic edematous pneumoma when death bas been somewhat
delayed mndicate that termnal pneumoma wn severe infections
originates by the same mechamasm as that of sublethal shock

Terminal Poeumonls in Other Conditions.—The occurrence of
shock dunng eclampaia, disbetes intestinal obstruction icterus
gravis, pancreatitis, evere infections powsonmg end other condi
tions was discussed n the preceding chapter  Medical literature
contumns many references to pneumonse as & termunal event or
as & pastmortem observation in these and mmilar conditions
Only a few such reports will be ated.

Lubarsch noted the same visceral appearances after death from
eclampsa &y my co-workers and I have found regulardy 1n shock
He reported also that in the majonty of such cases “hemorrhagic
broncho-preumonia was present  The mvolved areas contamed
ranous bactena, sndicating that the pneumoma was due to
secondary infechon  This type of pneumomn was present n o
case of eclampsia which I have reported  The Jungs m this
Instance were indistinguishable from those in cases of mfluenzal
pheumoma,

Brown and his associates reported from the Mayo Clinic 11
cases of chronic duodena! obstruction in which a syndrome was
presented which they termed duodenal toxenua. Promment
cliical features of this were vormting of serous bile-staimng fluid,
evidences of dehydration high hemoglobin content of the blood,
low blood pressure asthema and ewvidences of shock assocrated
with low renal function  The authors emphasized a form of toxic
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nephritis as a complication, but the case histories serve also to
portray the gradual development of sublethal shock Six of the
patients died and necropsy showed nephrosis or toxic nephritis
in each Ewidence of disturbed renal function n the other five
patients disappeared as they recovered  ‘“Broncho-pneumonia”
was found at necropsy m each of the 6 patients who died This
was described as patchy i some and as coalescing 1n others

Finkelstein and Jacob: reviewed the chinical and postmortem
features of poisoming with iodine Shock was recogmized as a
chinical feature in 11 of 18 cases Marked pulmonary hyperenua,
frothy serosangumeous fluid in the bronchi and alveolar spaces
and edema of the mucosa were described The pleure were red-
dened and dull, and the gastro-intestinal mucosa was also con-
gested and edematous The authors emphasized the frequency of
such pulmonary involvement and noted the tendency to pneu-
moma The same type of widespread visceral congestion and
edema occurs 1n mstances of early death from mercuric chlonde
poisoming  The finest example of incipient pneumoma that I
have seen was 1n such a case of death from shock, which Crawford
and I reported (Fig 21) The lungs were heavy, wet and bloody,
exactly like those seen 1n cases of severest influenza The begin-
ning of leukocytic infiltration was easily recogmized n scveral
areas although death occurred only thirty-seven hours after the
poison was taken

I have found this type of pneumoma 1n exammnations made
after deaths from typhoid fever, pentomitis, erysipelas, chronic
intestinal obstruction, perforation of a gastric ulcer, icterus gravis
and various so-called toxemias In matenal from 100 unsclected
autopsies on adults, this type of terminal pncumoma was found
in 16 nstances Cases were not mcluded i which pulmonary
congestion and edema occurred from cardiac or renal causes
Eight cases occurred after surgical procedures and 8 cases after
the following conditions respectively acute hemorrhagic pan-
creatitis, ulcerative colitis, drug poisoning (sedormud), obstructive
jaundice, eclampsia, extensive burns of the skin, diabetic acidosis
and peritomitis  Subsequent experience indicates that the per-
centage occurrence of terminal pneumoma 1s above rather than
helow that shown in this group of 100

Pneumonia was found at postmortem cxamination 1n many of
our expermments on sublethal shock with delayed (.lcath This
occurred 1n both dogs and rabbits and followed thc‘ implantation
of small quantities of liver or muscle pulp n the peritoncal cavity,
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burns, barbital narcesis, injection of bile and other procedures
by which sublethal shock was produced

sommary —Evidence presented i preceding chapters indicates
that the shock syndrome occurs 1n a wide vanety of chimcal dis
orders. This generalization 1s supported by the recorded observa
tions of phymicaans o vanous fields of medical practice 1t 1s
equally evident that the syndrome of shock develops in varymg
degrees. Maximal degrees rapidly lead to death from arculatory
failure, minimal degrees may be followed by recovery  Intermed:
ate degrees, not immediately fatal tend to produce chmecal and
pathologic changes not recogmized hitherto as related to shock

One of these 15 the development of visceral edema, particularly
m the lungs. This may occur rapidly as in serum sickness severe
burns or influenza. The development of pulmonary edema may
be gradual and insmdious after injunes operations 1ntestinal
obstruction, burns of lesser extent and dunng severe infections
and mtoxications.

A type of hemorrhagic edematous pneumonia 13 & very common
sequel 1 shock of sublethal degree  Congestion, stasis and edema
are the factors initiating this form of termunal pneumonia. The
wnfectious factor 1s suppled by whatever pathogemic bactena are
present i the respiratory tract of the mdividual.

When the arculation is impaired and the pulmonary spaces are
filled with albuminous fiid the development of terminal pneu
monia 18 almost mewvitable unless death or recovery occurs
promptly



CHAPTER XV
EXTRARENAL UREMIA

IMPARMENT of renal function occurs whenever a severe degree
of shock develops The presence of oliguna, albuminuna and the
associated increase n the non-proten mtrogen of the blood were
discussed 1n Chapter III  The importance of this complication
1s such that 1t was mentioned as an item 1n the revised definition
for this type of circulatory deficiency (p 44)

When shock of sublethal degree persists for several days, its
presence 1s not always recogmzed but the renal deficiency hecomes
a prominent chinical feature

OCCURRENCE

The term eafrarenal uremia 1mphes the retention of mitrogenous
wastes, accompanied by oligurnia and other evidences of renal
dysfunction, independent of organic renal disease +Bell states
“The kidneys may be found entirely normal or the structural
changes may afford only an inadequate explanation of the uremia
In the great majority of cases of extrarenal uremia the suppression
of urine and subsequent urema 1s due to dehydration
The blood resists concentration and no fluid 1s available for the
formation of urine Nitrogenous products accumulate mn the
blood because they are not excreted and also becanse of an mcrcased
destruction of protern” (1talics mine)

Bell reported case histories and necropsy findings 1llustrating
this syndrome in various clinical conditions These occurred
after major surgical procedures, fracture followed by infection,
poisoning with phenobarbital, icterus gravis, alcoholism, persistent
vomiting of undetermined cause, diabetic coma (3 cascs), pan-
creatitis (2 cases), penitonitis, paralytic ileus, streptococcal cellu-
hitis, suppurative cholangitis, and transfusion with ncompatible
blood (2 cases) In 1 of the latter he had no data concerning the
immediate reaction to the transfusion, m the other, shock was
obvious ““She recovered from shock but i the next twenty-four
hours passed only 50 cc of urine This had a speafic gmvity\ of
1035, a 4 plus albumun and large amounts of hemoglobmm ™ The
patient became jaundiced, the blood urea rose to 144 and the
creatinmm to 99 mg per cent, pulmonary edema developed and

(186)
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the patent died The necropsy revealed marked pulmonery
edema, 500 cc. of clear asates in the peritoneal cavity and large
pale kidneys. Microscopically these showed dilated tubules
mtershiial edema, tubular casts consisting of hemoglobin and
erythrocytes, but no necroms nor organic renal disease

Lambret and Dressens studied the physiologic disturbances
which accompany shock as an aftermath of extensive surgical
procedures. They discussed 1t as a complex tissue fluid syndrome
characterized by reduced blood volume, acidosis hypochloremia
hypergiycerua and hyperazotemia They emphaszed that the
retention of urea occurred 1n vanable degrees often reaching five
times that of normal blood They ated mstances 1 which the
blood urea ranged between 250 and 330 mg per cent In mild
cascs, this returned to a normal level 1n twenty four to thirty six
hours, 1in more severe cases, 1t remamed abnormally high for
several days and 1n some 1t progressed to such a degree as to
domunate the clinieal picture

Helwg and Schutz reported 6 cases of so-called hver deaths
$ of which “‘died 1n a chrcal state of urerma. The urme was
scanty 1ts speafic gravity was high and it contained albumm
and casts The non-protein mtrogen ranged between 46 and 240
and the creatinin between 2 3 and 8 6 mg per cent  In 4 cases
the condition developed after cholecystectomy 1 after masuve
traumatic njury to the hver and 1 from extenstve destruction of
the liver by carcanomatous metastases. The viscera revealed the
same pattern of congestive and edematous appearances as we have
descnbed 1n shock. The kndneys were large pale and edematous
they presented marhed degeneratrve changes but no pnmary
organic disease  The euthors attributed the renal changes to
some potent towun derived from the damaged hver

Boyce and McFetndge reported on a group of fatalities resulting
from operations or injunes to the hiver and/or biliary tract Some
died 1n forty-e1ght to seventy two hours others had a normal
postoperative course for four or five days followed by hyperpyrexa
and death In the latter group “the outstanding chinical feature
m all instances was deferred oliguria progressing to anunia and
associated with typical changes in the blood chemistry chiefly
anse in the amount of non-proten mtrogen  Postmortem examu
nations showed degenerative changes in the hiver and in the tubules
of the kidneys.

They noted the same clinical features in 6 cases of traumatic
njury to the hver also after operations for pancreatitis in 4 cases
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This article reviews some 34 reports m the literature bearing on
the same subject In these it 1s noted that the same syndrome
occurs after fracture of the skull, abdominal operations not
mvolving the hiver or bihary system, burns, intestial obstruction
and other conditions They commented on the paralichsm
between these and the “hver deaths” in that both showed the
hepato-renal syndrome, 7 ¢, arculatory disturbances, hyper-
pyrexia and deficient renal function in which degeneration and/or
necrosis of hepatic tissue and renal tubular degeneration were
found at autopsy

Impairment of renal function 1s a prominent chimcal feature
after severe burns There 1s immediate ohguna or anuria, hemo-
globin and albumin appear in the urine, and the urea, creatinin
and non-protemn mtrogen content of the blood rise progressn ely
Underhill beheved that the deficient renal ehmination was due
to hemoconcentration Chnistophe’s studies on burns, both chnical
and experimental, revealed marked renal deficiency as the chief
feature when death did not occur soon In some cases the blood
urea reached 400 mg per cent He beheved this was due to true
glomerulo-nephritis  This interpretation 1s probably incorrect,
since no evidence of nephritis persists 1n those who recover, but
his data indicate the seventy of the renal comphcation

The occurrence of shock after transfusion with incompatible
blood was discussed m Chapter XIIT  Bordley reviewed 14
reported cases of severe illness after transfusions and compared
the data with 3 cases reported by him, 2 of which recovered and
1 died The latter developed a severe immediate reaction with
chill, fever, weakness, nausea and vomiting Secven days later
the urine was scanty, 1t contamed albumin and the specific gravity
was high The non-protemn mtrogen of the blood rose to 186 and
the creatimin to 10 1, the chlondes and the alkaline reserve de-
clined At necropsy the lungs were hyperemic and contained areas
of early pneumoma The hiver was large and showed fatty
changes, parenchymatous degeneration, pigmentation and central
necrosis The kidneys were enlarged, pale and edematous, micro-
scopically they showed desquamation of epithehum, débns, pig-
mentation and nfltration with leukocytes In all of the cases
there was urinary suppression and ohguna followed by mtrogen
retention  In the 11 fatal cases the uremic mamfestations devel-
oped gradually after several days Renal degenerative changes
were recorded 1n every mstance when necropsy was madc

Daniels, Leonard and Holtzman reported a group of 13 cases
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m which transfusion of blood caused severe circulatory disturbance
followed by renal msuffimency The non-protein mtrogen content
of the blood ranged from 85 to 190 mg per cent The duration
of illness 1n 7 cases ending fatally was from two to thirteen days
The renal findings at necropsy examination 1n 4 of these conmsted
of edema, leukocytic infiltration, degeneration and necroms of
tubular epithehum, casts and pigmentation denved from hemo-
globm. Gesse reported mmilar evidences of renal dyxfunction
after transfusions with incompatible blood

Goldnng and Graef descnbed 7 cases of “nephroses’ with
uremiz fallowing tranafumons 3 of these ended fatally No
organic renal disease was found at necropsy the ladneys showed
only circulatory and degenerative changes The renal function
returned to normal i those who recovered.

Recent reports (Mayon White and Solandt, Bywaters and
Beall) on “crush injunes,” resulting from the collapse of buildings
dunng air rards in England, furmsh ghly significant mstances of
extrarenal uremia. Victims who had been pimoned under débns
for hours showed hemoconcentration and other mgns of shock
when rescued The usual treatment for shock, including trans-
fustons of blood or of serum mantained the blood volume and
artenal pressure at adequate levels, Yet urination was scanty or
suppreased, the non protein mtrogen of the blood rose progresaively
and the patients died after several days, dunng which the syndrome
of nremia was the chief chinical feature  In 1 case “early”’ amputa
ton of the imb, performed thirty-mx hours after the rescue, did
not prevent the development of the syndrome I venture to
suggest that amputation should have been done tmmediately aiter
the rescue

The authors reported a subsequent case in which a young man
aged twenty injured as descnbed, was brought in - The hemoglobin
was 150 per cent blood pressure 110/70, pulse 136 and the tem
perature 97° He responded well to a transfuson of plasme but
the syndrome developed as descnbed  The urea 1 the blood
scrum rosc from 188 to 393 mg per cent and the potassium from
26t0 43 death occurred on the eighth day At necropsy the lungs
were found congested and edematous focal hemorrhages and local
cellular infiltrations were scen  The muscles i the crushed area
were pale and fnable The mucosa of the stomach was hyperemic
tnd contained minute hemorrhages. The liver was congested and
showed parenchymatous degeneration The kidneys were pale
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with promunent red streaks, mcroscopic exammnation showed
edema and casts contamning brown pigment

Mayon-White and Solandt reported an mstance of the same
syndrome which they summanzed as follows “The case 1
reported of a patient who died from urema following a type of
injury that often produces shock The micropathology resembles
that of mcompatible transfusion Unlike similar cases reported
in this 1ssue (British Medical Journal) there can be no possibility
here of mcompatible transfusion, since no blood was given to our
patient Herein hes the importance of this case and the reason for
reporting 1t "’

It was noted that the one feature which these cases had n
common was extensive anemic necrosis of muscle Subsequently
spectroscopic exammnation of the brown pigment found in the
urine 1n these cases, showed 1t to be myokemoglobin  This indicated
that 1t was denved not from erythrocytes but from damaged
muscle This evidence supports the explanation that absorption
of products from traumatized tissues 1s a factor in the conditions
resulting from “crush mmjunes ”’

The experimental production of shock with delayed death
duphcates in all important particulars the syndrome of evtra-
renal uremia Long before that syndrome was recogmzed under
that term, Whipple and his associates had produced 1t in ammals
by various means including proteose intoxication, stenle abscesses,
staphylococcic infections, pleuritis, pancreatitis, intestinal obstruc-
tion and by other means They emphasized the marked retention
of mitrogenous wastes—3 to 10 times the normal—deficient renal
function and low blood pressure 1n these experiments “The
dogs will dic in twenty-four to thirty-six hours 1n a charactenstic
condition of surgical shock ”’ Hashimoto descnibed similar results
during acutc histamine poisoming The urea mtrogen increased
by from 54 to 264 per cent and the urine was decreased i amount
and Iighly concentrated Helwig and Schutz, also Boyce and
McFetridge, produced in ammals a condition resembling the
hepato-renal syndrome by traumatic injury to hver and by
introducing liver substance or eatracts mto the peritoneal cavity
of dogs

Jeghers and Bakst made an excellent review of cxtrarcnal
urerma, correlating the observations of others with thar own
experiences, mn various clinical types of disease  More than 100
papers dealing with this and allied subjects are cited  They
speak of this as a disturbance of clectrolytic and fluid balance
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and believe 1ts mechamsm depends chiefly upon low blood pres
sure, hypochlorerma and hyponatremia hemoconcentration ( de
bydraton”), hepatic damage, ncreased proten catabolisma and
scondary renal tubular damage They emphamize that m this
syndrome the urine 18 scanty, concentrated and has a high specific
granty 1o contrast to opposite findings in uremia from chrome
renal disease.  Concerming the frequency and seventy of this
conchtion they state “In routine clinical practice an azoterma 15
much more commonly due to the mechamsms discussed i this
paper than to organic renal disease Another musconcep-~
t10n 18 that the blood non protemn nitrogen in extrarenal azotemia
rarely increased to a degree comparable with that seen m orgame
renal disease.  Quste the opposite 15 true  Values of 100 or even
200 mg per cent are common ' They ate a case reported by
Fishberg, 1n which the non-protem mitrogen rose to 400 mg per
cent in three days and decreased with equal rapicdity as recovery
occurred.

The types of conditions in which extrarens! uremia occurred
are of particular sigmficance 1o the present discussion These
included pylonc obstruction, the so-called liver kndney syndrome
which 1 related to toxic jaundice perforated peptic ulcer penton
s yellow fever, Weil's disease, lobar pneumonia shock from
vanous causes including postoperative, reactions after trans-
fusions, allergic reactions, urticana Addison s disease diabetes
mellitus, drug intomications acute pancreatitis and burns  They
found low artenal blood pressure, unne of low volume and hgh
S)ucmtmnon, hypochloremuia, high non protein mtrogen and

dehydratian” of the blood—hemoconcentration—of great value
10 the ehmea! differentiotion of ths from other conditions  They
cmphasize the significance of an mcrease in the erythrocy tic count
obwn content or i the hematocnt value as & cnteron and
CIpress & preference for the latter as the simplest and perhaps the
most accurate. The obvious relationships between these cond
Bons and the mechanism of shock require 1o emphasis.

In 2 number of cases, some data from necropsy examinations

:m @iven  These pertained chiefly to the pnmary chimeal con
ion and to the renal findings. The latter ncluded swollen

“ngorged sometimes edematous parenchyma, granular débns and
octanona) casts. Nether glomerulonephatis nor other primary
m‘t renal disease was found In g few cases capillary hemor
that “b:eom noted and hepatic necroses 1n some It 18 mgntficant
nchopneumonia® was a termmal cvent as revealed by
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with promunent red streaks, microscopic cxamnation showeq
edema and casts contamning brown pigment

Mayon-White and Solandt reported an instance of the same
syndrome which they summanzed as follows “The case is
reported of a patient who died from uremia following a type of
mjury that often produces shock The micropathology resembles
that of mcompatible transfusion Unlike similar cases reported
in this 1ssue (British Medical Journal) there can be no possibility
here of mcompatible transfusion, since no blood was given to our
patient Herein lies the importance of this case and the reason for
reporting 1t ”’

It was noted that the one feature which these cases had m
common was extensive anemic necrosts of muscle  Subsequently
spectroscopic examination of the brown pigment found in the
unne n these cases, showed 1t to be myoliemoglobin  This indicated
that 1t was derived not from erythrocytes but from damaged
muscle. This evidence supports the explanation that absorption
of products from traumatized tissues 1s a factor in the conditions
resulting from “crush injunes ”’

The experimental production of shock with delayed death
duplicates 1n all important particulars the syndrome of ecxtra-
renal urerma  Long before that syndrome was rccogmzed under
that term, Whipple and his associates had produced 1t mn ammals
by various means including proteose intoxication, sterile abscesses,
staphylococaic infections, pleuntis, pancreatitis, intestinal obstruc-
tion and by other means They emphasized the marked retention
of nitrogenous wastes—3 to 10 times the normal —deficient renal
function and low blood pressure in these experiments “The
dogs will dic 1n twenty-four to thirty-six hours 1 a characteristic
condition of surgical shock ” Hashimoto described similar results
during acute listamine poisomng The urca mitrogen increased
by from 54 to 264 per cent and the urine was decreased in amount
and highly concentrated Helwig and Schutz, also Boyce and
McFetridge, produced mm ammals a2 condition resembhng the
hepato-renal syndrome by traumatic mjury to lver and by
introducing hver substance or extracts mto the peritoncal cavity
of dogs

Jeghers and Bakst made an excellent review of estrarcnal
uremia, corrclating the observations of others with ther own
evperiences, 1 various chnical types of disease Mo.rc thm}j(m
papers dealing with this and allied subjects are cited  They
speak of this as a disturbance of clectrolytic and flud balance
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and believe 1ts mechamsm depends chuefly upon low blood pres
sure hypochloremua and hyponatremia hemoconcentration (“de
hydration ), hepatic damage, increased protem catabolism and
secondary renal tubular damage They emphasmze that in this
syndrome the unne 1s scapty, concentrated and has a high specific
gravity 1n contrast to opposite findings in urema from chromc
renal disease Concerning the frequency and seventy of thus
condition they state * In routine clinical practice an azoterma 18
much more commonly due to the mechamsms discussed 1n this
paper than to organic renal disease Another misconcep-
tion 18 that the blood non protein nitrogen in extrarenal azoterma
rarely increased to & degree comparable with that seen 1n orgame
renal disease,  Quite the opposite 18 true.  Values of 100 or even
200 mg per cent are common”’ They ate a case, reported by
Fishberg in which the non protein mtrogen rose to 400 mg per
cent 1n three days and decreased with equal rapidity as recovery
occurred

The types of conditions 1 which extrarenal uremia occurred
are of particular significance 1 the present discussion These
mcluded pylonc obstruction the so-called liver kadney syndrome
which 18 related to toxic yaundice, perforated peptic ulcer, penton
hs, yellow fever, Weil s disease lobar pneumoma shock from
various causes including postoperative reactions after trans
fumons allergic reactions, urticana, Addion ¢ disease, diabetes
melhitus drug mtoxncations, acute pancreatitis and burns  They
found low artenal blood pressure, unne of low volume and high
concentration, hypochlorerma, high non protein mtrogen and
‘dehydration of the blood —hemoconcentration—of great value
n the climeal differentiation of this from other conditions. They
emphasze the mgmificance of an increase m the erythrocytic count
hemoglobin content or in the hematocrit value as a enterfon, and
cxpress a preference for the latter as the smplest and perhaps the
most accurate  The obvious relationships between these condy
tions and the mechamam of shock require no emphasis.

In a number of cases, some data from necropsy examinations
were iven These pertained chiefly to the pnimary climeal con
dition and to the renal findings. The latter included swollen
engorged sometimes cdematous parenchyma, granular débns and
occasonal casts  Nether glomerulonephntis nor other pnmary
orgamic renal disease was found In a few cases capillary hemor
thages were noted and hepatic necroses in some It 13 significant
that bronchopneumoma  was a terminal event as revealed by
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the necropsy The cases reported by Brown and lus associates
(p 183) 1llustrate both the syndrome of extrarenal urerma ang
termnal pneumoma in sublethal shock

Medical hiterature contains numerous reports of deficient renal
cxcretion, associated with airculatory deficiency of the shock type
No further analysis of the reports will be made here, readers
desiring additional data will find references m the articles already
ated Records of necropsies in Jefferson Hospital indicate that
this syndrome has a percentile occurrence much higher than that
of glomerulonephntis The conditions presented include seyere
acute 1nfections of various types, intoxications such as acute
hepatic necrosis, toxic jaundice, diabetes melhtus, eclampsia, so-
called “hiver deaths,” intestinal obstruction, pentomtis, pancreat-
1t1s, cerebral lesions such as abscess or hemorrhage, drug poisonmg
as with cincophen or adulterated spirtuous hiquor, burns, and post-
operative surgical complications Unfortunately, in the majonty
of cases, neither the attending physician nor the iterne had
sensed that a disturbance of fluid balance or of the circulation was
implicated, accordingly blood examinations for hemoconcentration
were not made In numerous instances the term wremia was
written, as a chief or secondary clinical diagnosis, on the history
or on the death certificate In other instances, records of unn-
alysis and chemical examinations of the blood indicated deficient
renal function which at autopsy was shown not to anse from
organic renal disease

The necropsy in these cases regularly revealed capillo-venous
congestion of the viscera, frequently there were slight or moderate
cffusions of flmd i the scrous cavities and varymg degrees of
edema m the soft tissues  The kidneys were usually above normal
size and showed diffuse congestion  Microscopically, the tubules
showed parenchymatous degeneration, sometimes necrosis, of the
epithehum, capillary congestion and there was granular débns,
sometimes casts, n the tubular lumma (Sce Fig 24) A terminal
pneumoma 1n hyperemic edematous lungs, as described in the
preceding chapter, was present in almost cvery case

Let 1t be reemphasized that albuminuna, ohguria, concentrated
urine and retention of mitrogenous wastes are regular features of
both chnical and expenmental shock  Also that the c]mractcpsuc
pathology of shock mcludes acute degencration and necrosis of
the hver, congestion and degeneration of the renal parenchyma
The paralichsm between these features m acute shockh and the
syndrome of extrarcnal uremia 1s strihing It strongly suppor(s
the mterpretation that the latter 1s a syndrome hich develops
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frequently when shock of sublethal degree occurs or when shock
does not lead immedsately to death
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Pra. 24 —Photomicrograph of lddney after death by extrarenal wremma.
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contaln erythrocytes
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THE MECHARISM OF EXTRARENAL UREMIA!

The syndrome under consmderation has been recognized as such
only smince about 1923 The chinical and pathologic features scem
to comade with those of “acute parenchymatous nephntis” in
the nomenclature of the past epoch  The low sodum chlonde
content of the blood gives nse to the term Aypockloremic uremia
becausc some have suppased the low blood chlondes plav an
important réle in caumng the disturbance Several authors sup-
port this theory while others beheve that hypochlorermia per se
1 not of etiologic 1mportance

The low content of sodium chloride of the blood during shock
from vanous causes was cxplamned (pp 35-37) together with other

' A moderate Increess 1n the non-protein nitrogen of the blood occnrs as a
Tesult of hemorrhages into the gastro-intestinal tmct (Schfl and associates
Ao Chunn and Harlms, for ducraons) T increnne seldom excceds 50 mg
Per 100 ce of blood and it never approaches the degres of nitrogen retention
setn m sublethal shock. The authors mentioned produced the condition
cxpermentally by {ectmg blood to animals and to human subjects. Apparently
alimentary azotemua results {rom the digeston and absorption of blood 1t s
not accompanted by mpatrment of remal fimetion.

11
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disturbances in the concentration of electrolytes ansing from mjury
to cells in general These are effects regularly associated with
that syndrome and the supposition that they of themselves cause
renal dysfunction, lacks experimental support.

Marrnott (1923), reviewing the subject of anhydremia (hemo-
concentration) found this was associated with greatly diminished
renal secretion and even with anuria  The specific gravity of the
urine ranged up to 1040 There was marked retention of mitro-
genous wastes 1n the blood which was not due to organic renal
impairment but which resulted from the nability of the kidneys
to sccrete unne from concentrated blood This disfunction
returned to normal when water balance was reestablished

In weighing the evidence, Bell found hittle justification for the
term Jiypochloremic urenza and for the supposition that this plays
an important réle m its development He pointed out that urine
18 formed primanly by filtration of fimud through the glomerular
endothelium and that the blood normally resists concentration,
7 ¢, abnormal concentration of the blood retards or prevents
filtration Lassen and Husfeldt emphasize the low blood pressure
as producing this same cffect, and Jeghers and Bakst have corrob-
orated this observation Gomon and Podhydsky mvestigated
experimentally the supposition that extrarenal uremma 1s due to
hypochloremia  Their results led to the conclusion that the
cause 15 exsiccosis (concentration of the blood) plus reduced blood
pressure  “The direct cause of the extrarenal azotemia 1s nol
to be found 1n a chlonide loss but 1n changes i hemodynamic
factors ”

It 1s well known that the rate of filtration vanes directly with the
capillary blood pressure and that the osmotic pressure of the
plasma colloids opposes filtration Hence both the increased
concentration of the blood and the decreased blood pressure would
retard or prevent the filtration by which the urne 1s formed. It
1s equally well known that varations in the concentration of
sodium chloride have hittle to do with this process  Electroly tes
readily pass by diffusion n either direction through a semi-
permeable membrane such as endothelium  Hence 1t 1s difficult
to sce by what mechamism the hypochloremia could affect the
formation of urine

In the treatment of “crush njurics,” 1. ¢, sublethal shock
resulting from compression nccrosis of muscles, the deficiency o{
renal function progressed even though adequate blood pressure
was mamtained and the hemoconcentration was reduced by
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infusions of find  This fact suggests that the functional impair
ment may anse partly from some factor other than low blood
pressure and hemoconcentration, that perhaps the same toxic
agents which caused endothehal demage and arculatory dis-
turbance, also caused parenchymal degeneration and functional
deficaency of the kndneys

Summary ~Oligusia, albuminuna parenchymatous renel degen
eration and deficlency of renal funchion ere regular features
accompanymg both chinieal and expenmental shock.

When the shock syndrome lends to death promptly, the fatal
outcome 1 due to arculstory falure  When arculatory defiqency
of sublcthal degree perssts for a time, then evidenct of impasred
renal function appears which may culminate in the syndrome of
extrarenal wremia

Postmortem examnation reveals no prefmating renal disease
but shows only parenchymal degeneration sometimes necroms of
tubular epithehum, edema, dilatation of tubules, and mgmenta
tion  In some cases slight leukocytic infiltration, casts and débns
wthin the tubules, have been found. No permanent impatrment
of function remmns in those who recover

Extrarenal uremia occurs commonly in sublethal shock ong
nating from diverse causes but the exact mechanism of its develop-
ment has not been shown It appears that hvpochloremua is not
staelf 2 cause for the deficency of renal function but should be
regarded merely as one of the effects of shock.

Both low blood pressure and increased concentration of the
bleod interfere with the filtration function of the glomerult
These mav imparr the renal function and hinder elimmnation

It 15 posmble that parenchymal degeneration, resulting either
from anoxmg or from toxic eflects, may afso ympair the function of
the kudncys. The cxact mechansm by which extrarenal uremia
develops as a complication of sublethal shock requires further
investipation.



CHAPTER XVI

ADRENAL CORTICAL INSUTTFICIENCY

Relationship to Circulatory Deficiency.—I1 shall not attempt
here an analysis or summary of nformation concerming the
physiology of the adrenal cortex There 1s evidence that one
mmportant cortical function 1s closely related to endothehal and
capillary physiology This evidence 1s of three-fold interest. it
has a bearing on the dynamics of shock, it tluminates the dis-
turbance of circulation which develops 1n acute or chronic adrenal
cortical deficiency, 1t supplies the rationale for the use of adrenal
cortical hormone 1n the treatment of shock

Selye regards the adrenal cortical hormone as a major item m
the defense of the body aganst systemic injury of various kinds
This view 1s supported by the depletion of the cortical cells duning
and after such emergencies and by the hyperplasia of them as
recovery occurs This evidence was so impresstve that he explains
shock as a deficiency of the defensive reactions, particularly of the
adrenals (sec p 93)

It has long been known that complete adrenalectomy produces
fatal disorders of systemic functions These cannot be reheved or
prevented by injections of epinephrin, hence the disturbances are
due to lack of the cortical rather than of the medullary secretion
Adrenalectomized dogs lose appetitite, become weah and hstless,
there arec vomiting, diarrhea, marked depression, feeble pulse, low
blood pressure and metabolism, and other mamifestions hke those
of shock Swingle and his associates made an 1temized companson
of the physiologic disturbances which result from adrenal cortical
deficiency with those of traumatic or surgical shock  They found
points of 1dentity between the two conditions (Table 3)

Some of the authors recorded the appearances scen in the
viscera after death from adrenal cortical msufficiency Banting
and Gairns found the superficial vens collapsed and bloodless so
that 1t was difficult to secure specimens of blood by vempunctur
The blood was dark, visad, slow to clot and 1ts plasma volume
was reduced  They described marked congestion of the abdominal
viscera, there was bloody or browmsh fluid within the gastro-
intestinal tract and the mucous surfaces showed capiflary engorg-
ment and petechial = s The occurrence of gastne

'
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uleers was a common finding  There was marked congestion of
the liver, and the hepatic cells showed degeneration and necroms
The parenchyma of the kidneys was congested, hemorthagc and
showed marked acute degeneration The mymlanties between
these findings and thote seen after fatel burns deserve emmphams.

Tarce 3 —Cowniriows Extsrng v Apxewar Coxmicat Dsurmazxcy
(AWiMALS) AND TRAUMATIC Smoct (Max)

1 Blood volume Decreased

2 Pood prosure Decreaged

3 Hemoghobmn Increased

4 Hematocrit resding Incressed

5 Red cell count Tucreased

6, \ enous pressure Decreased

T Volume flow of blood Decressed

8. Viscosity af blood Increased

9 Hemoconcentratson Increased

10 Carduc output Decreased

11 Venons retorn 1o night heart Decreaged

12 Heart rate Incressed

13 Wenk rapld pulss Pruenmt

11,V t

15 Ability to diluts blood Reduced or absent

16 Blood mim protein nitrogen xnd uren. Increnwed

17 Alkal reserve Decreased

1$ Bem! metabohem Decrensed

© { Decreased in adrenal
1 Natmal or above i shock

20 Body tempernture

21 Vasocrmstrictor Ineffective

22, Plnds grven inttavenctaly

23 Vasomotor activity Apparently nonmal

24 Senntivity to painful etimuli Decreased

25 Sersdtinty ta codd Increxsed

25 Semsitivity to anesthetics Incressed

27 Scomtivity to hustarmne Incrensed 10 ndrenal

msnfBoency

18, Sensdtivity to miections and texns Increascd

29 Renal function Tropatred

30, Senntivity 1o hemoethage Increased

31 Scomtrvnty to trauma and operations Increnyed

Several wnters have reported hemoconcentration after adrenal
¢ctomy  Luces corroborated this feature and recorded ery throcytsc
counts mangng up to 10000 000 Rogofl and Stewart later con
firmed also the congestive ecchymotic and degenerative changes
described by Banting and Gairns 1 the mucosx and parenchyma
tous organa. They attributed the visceral engorgement to “intox
ation” rather than to passive congestion.  They also recorded o
high snadence of gastne ulcens.



CHAPTER XVI

ADRENAL CORTICAL INSUFFICIENCY

Relationship to Circulatory Deficiency.—I shall not attempt
here an analysis or summary of information concermmng the
physiology of the adrenal cortex There 1s evidence that one
mmportant cortical function 1s closely related to endothelial and
capillary physiology This evidence 1s of three-fold interest it
has a bearing on the dynamics of shock, 1t illuminates the dis-
turbance of circulation which develops 1n acute or chromc adrenal
cortical deficiency, 1t supplies the rationale for the use of adrenal
cortical hormone 1n the treatment of shock

Selye regards the adrenal cortical hormone as a major item 1n
the defense of the body against systemic injury of various kinds
This view 1s supported by the depletion of the cortical cells during
and after such emergencies and by the hyperplasia of them as
recovery occurs This evidence was so impressive that he explains
shock as a deficiency of the defensive reactions, particularly of the
adrenals (see p 95)

It has long been known that complete adrenalectomy produces
fatal disorders of systemic functions These cannot be relieved or
prevented by injections of epinephrin, hence the disturbances are
due to lack of the cortical rather than of the medullary secretion
Adrenalectomized dogs lose appetitite, become weak and hstless,
there are vomiting, diarrhea, marked depression, feeble pulse, low
blood pressure and metabohsm, and other manifestions hike those
of shock Swingle and his associates made an 1temized comparison
of the physiologic disturbances which result from adrenal cortical
deficiency with those of traumatic or surgical shock They found
pouwnts of identity between the two conditions (Table 3)

Some of the authors recorded the appearances seen in the
viscera after death from adrenal cortical msufficency Banting
and Gairns found the superficial vemns collapsed and bloodless so
that 1t was dufficult to secure specimens of blood by vempuncture
The blood was dark, visad, slow to clot and 1ts plasma volume
was reduced They described marked congestion of the abdominal
viscera, there was bloody or browmsh flud within the gastro-
intestinal tract and the mucous surfaces showed capillary engorge-
ment and petechial hemorrhages The occurrence of gastric

(196)
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ulcers was & common finding There was marked congestion of
the fiver, and the hepatic cells showed degeneration and necroms
The parenchyma of the kadneys was congested, hemorrhagic and
showed marked acute degeneration The mmilanties between
these findings and those seen after fatal bumns deserve emphasis

TasLe 3 —Cowprmions Existrng v Anaunar CoRTICAL Dyurrrciency
(ANmaLs) a¥D TYAUMATIC Swock (MAN)

1 Blood yolume Decreased

2 Blood preseure Decreased

3 Hemoglobin Incressed

4 Hematocrit reading Increased

S Red cell count Increased

6 Venoms Decrensed

1 Volume flow of blocd Decreased

8 Viscomty of blood Incrensed

9 Hemoconcentration Increased
10 Cardiac onty Decrensed

11 Venous return to nght beart Decreased
12 Heart rute Increased
13 Weak rapud pulss Present
14 Vasoconstrction Present

15 Ability to dilute blood Reduced or absent
16 Blood nom protan nutrogen and uren Increased

17 Alkal reserve Decreaged
18. Basal metabolism Decreased

Decreased in adrenal
19 Blood sugar nsufficlency
Nermal or above m shock

W Body temperature Decrensed
11 Vasoconstrictor drugy Ineflective
12. Frads given intravenously Beneficial

23 Vasomotor actrvity Apparently normal
24 Sensitivity to pamful stimnli Decreased

25 Semsitmvity to cold Increased
16 Sersitivity to anesthetws Tncreased

27 Senaitivity to histamme Increased in mdrenal

msufficency

28, Senaltivity to infections and tomns Increased

29 Renal functson Tmpaired

30, Semitivity to hemorrhage Increased

31 Senmtrvity to trauma and operations Incrensed

Several writers have reported hemoconcentmtion after adrenal
ectomy  Lucas corroborated this feature and recorded erythrocytic
counts ranging up to 10 000 000 Rogoff and Stewart later con
firmed also the congestive ccchymotic and degenerative changes
described by Banting and Gaums 1in the mucosz and parenchyma
tous organs. They attnbuted the visceral engorgement to  intoxa
cation rather than to passive congestion  They also recorded a
high inddence of gastne ulcers.
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Enlargement of the thymus and hyperplasia of lymphoid tissue
throughout the body have been noted by many writers when
death was delayed several days or weeks after adrenalectomy
Selye has mvestigated extensively the biologic phenomena which
occur when the body 1s subjected to stimuli (injurious conditions)
to which 1t 1s not adapted The “alarm reaction” (mechamsm of
defense) includes a number of factors, important among which
are the ductless glands He has found evidence of increased
adrenal cortical activity as an essential feature m the immediate
reaction to deleterious agents of various kinds  Simultaneously
the thymus undergoes conspicuous regressive or mvolutionary
changes which are most pronounced during the recovery phase of
the reaction when adrenal cortical hyperplasia 1s maximal Selye
1s 1mpressed by the fact that removal of the adrenals prevents
thymic involution, he states that involution of the thymus cannot
occur 1n the absence of adrenal cortical hormones The importance
of this feature will be discussed subsequently in relation to status
lymphaticus and to Addison’s disease

A comparison of all these items with those which occur char-
actenstically in shock from trauma or from other causes, lends
support to Swingle’s suggestion that adrenal cortical msufficiency
15 a fundamental factor mn the mechanism of shock Also Selye’s
discussion of the “alarm reaction” 1s in hne with this evidence
Further significance 1s contributed by the fact that the administra-
tion of cortical hormone restores the ammals to circulatory
eficiency and to a normal physiologic state This can be mam-
tained indefinitely by supplying cortical extract artificially but
if the treatment 1s mterrupted a condition 1dentical with shock
mn all particulars, develops However, one important fact seems
to invahdate the supposition that deficiency of cortical hormone 15
a primary etiologic feature i shock The circulatory deficiency
described does mot develop mmmediately after adrenalectomy
Rogoff and Stewart reported an average survival time of seven
days m 74 dogs ;n which the adrenals were carefully excised m a
two-stage operation Accordingly if trauma or burns should
cause complete exhaustion or inhibition of the cortical function,
the effects should not be shown for several days The fact that
shock develops within a few hours after burns or trauma renders
untenable the hypothesis that this effect could be caused pri-
marily by deficient adrenal cortical function

We (1936) suggested another explanation for the phenomena
described
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#QOne functran of the hormone of the adrenal cortex may be to mamunn
the tonus of the capillaries and venales. Atony of these 1 regularly present
1 shock, and 15 the major factor 1n 1tz development. These versels Lcomc
atonre and relaxed after 2 ime when deprived of cortical hormoae.  Then
x dupanty between the volume of the blood and the capaaity of the blood
vessels develops because of the mabilicy of the vascular system to contract
with 1tz normal tonus on the contamed blood  Tonus and arculawry
effcrency are restored by supplying the amimal with extract of adrenal
costex.  Loet of tonm and orewlatory mefficency reappear when ths
extract 1 withheld  Ammals mamtaned oo 2 mmmal amount of the
hormone of the adrena) cortex become abnormally susceptible to varmus
agents and condrurons which produce shock (Swmngle and hu collaborators)
Apparently the mmute vessels are more easily rendered atonic when supplied
msufficiently with the hormone.

*The funcuan of other glands of mternal secreton as welt a1 the adyenals
has been studied physwolopically by notmg the disturbances which follow
ther exurpaton.  If those disturbances duappear when an extract of the
tland 15 supphed arnfically s function of that gland w thereby deman-
strated  Sumilar logic mught be apphied o the resules of expenmentaton
on the adrenal cortes  The hypothesss that one of ita functons 1 to waw-
tam the phymolomic tonus of the capillares and vemiles deserves con-
nderavon "

This mterpretation of the mechamsm by which defimency of
adrenal cortical function 15 related to endothchial tonus and
thereby to shock, was subsequently endorsed by Swingle and his
asociates (1938)  They “attnbute the cause of death from
adrena} maufficency to camllary atony, with resulting dilatation
staus and penpheral vascular stagoation and beheve that the
cottital hormone 18 concerned with the mamntenance of capillan
tont and therefore regulatory control of the volume capaaty of
the circulatory system.’

Rendall (1941) states that disturbances in the distribution and
cxeretion of inorgamic 1oms is the immediate cause of the symptoms
of adrenal defizency Thus ultimately mvolves hemoconcentra
tion and the mebility of the vascular system to retamn water

Control of permeability and of the transfer of water and jons
between extra-cellular and intracellular phases are goen first
place among adrenal cortical functions.  Hemoconcentration
ebserved dunng adrenal deficency 18 due to the absence of the
adrenal hormones which are easential for the integrity of the
capdlary bed  In the abeence of the hormones the normal volume
of the arculating blood cannot be mamntained

Tt appests thet control of permeabilily is an adrenal cortical
function of the highest importance  This permenbility pertams
both to endothehum and to cells. Abnormal permeability of the
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former leads to disturbances of flud balance, of absorption and
of the systemic circulation  Abnormal permeability of cells leads
to disturbances of the concentration of electrolytes as discussed 1n
Chapter IT  The latter produce the vanations in the concentra-
tion of various chemical substances seen in shock ansing from
various causes mncluding adrenal cortical deficiency

Subnormal Cortical Function.—Studies have been made on
animals after subtotal adrenalectomy and on those supphed with
an madequate amount of the cortical hormone Such ammals
present a charactenistic syndrome of dysfunctions They are
easily affected by fatigue, hemorrhage, trauma, infections and by
changes in temperature The results of such observations are
summarized by Grollman

“Adrenalectormzed animals are not only hypersensitive to such extran-
eous 1nfluences as excessive heat or cold, muscular exhaustion, excitement,
etc, but they also show an abnormal sensitivity to various drugs and toxic
agents This hypersensitivity has been demonstrated for histamune,
curare, strychnine, morphine, nicotie, acetonitrile, adrenalin, diphtheria
or tetanus toxins, cobra venom, typhoid or staphylococcus vaccines, foreign

protemns and other toaic agencies In many cases this hypersensitivity 1s
very marked ”

The reproductive function 1s greatly depressed or 1s entirely
obliterated There are no manifestations of the mating nstinct
and cestrus 1s absent 1 females after extirpation of the adrenals
All these features have a striking similanty to the chinical mani-
festations of status lymphaticus and of Addison’s disease A
further pont of simlanty 1s the hyperplasia of thymus and of
lymph nodes which 1s associated with each of these conditions
These facts have led Jaffe, Marine and others to regard subnormal
adrenal cortical function in ammals as the experimental production
of status lymphaticus

“Suprarenalectomy causes the greatest lowering of resistance or increase
1n susceptibihty of any hnown experimental procedure When this knowl-
edge 1s added to the fact that suprarenalectomy causes a rapid regeneration
of the thymus and lymphoid tissue—a true experimental status lymphaticus
—1n animals the conclusion that a deficiency of some suprarenal or gonadal
function 1s a major factor m the etiology of status lymphaticus
seems justified ”’ (Marine )

STATUS LYMPHATICUS

Medical literature on this subject 1s characterized by confusion
rather than by clanty The occasional occurrence of sudc}en
death without adequate cause has Jed to unconvincing theonzation
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and speculation  The fact that necropsy mn such instances uauslly
shows hyperplasia of lymphoid tlsue, especnily thymnc, naturally
directed sttention to that feature—hence the term Stotns Thymuco-
lymphaticus

A refxamunation of the theones based upon this feature will not
be profitable  Greenwood and Woods reviewed the existing
evidence and concluded that the conception of this as a disease
entity belongs in the realm of medical mythology and that it
a3 accurate to asugn such deaths to  the vimtation of God asto
status lymphaticus. Young and Turnbull made a formal mvestiga
tron under the auspices of the British Medical Research Council
Their survey led to the concluston that the facts elietted  afford
no evidence that socalled status thymco-lymphaticus has any
enstence as a pathological entity *

These appraisais obviously are too inclusuive but they may be
applied to the theones menmumating the enlarged thymus as a
lethal agent. There 15 complete lack of evidence that the thyraus
stself 18 & factor in caumng death, but the mechanism of these
unexplaned phenomena mersits investigation rather than dis
regard  Man s most perplemng problems are not solved merely
by denying their existence  One such problem 1s presented by the
following simple and well attested facts

First that a small percentage of human beings present a group
of associated anatomic features differing charactensticalhy from
the normal These include a generahzed hyperplasia of lymphoid
tissue lymphod infiltration of other tissues moderate lymphocy
tosts 1n the blood hypoplasia of heart and artenes, of reproductne
organs and of chromaffin tissues and certan variations in physical
configuration  Symmers found this combingtion of physical traits
present in 6 2 per cent of subjects in a senes of 4 000 necropsy
cxaminations It oocurred in males 6 times oftener than m females.

The sccond fact 1s that a few individuals are highly vulnerable
to infections intoxncations and njunes of diverse hinds and that
these persons mamy die unexpectedly from tnvial or snadequate
causes  Such cases occur almost exclusively among those of the
anatomic group descnbed  Tlus indscates a relationship which is
not adequately explatned as comadence or chance  The problem
of status lymphaticus consists in demonstrating the nature of
this relanonship

Deaths from apparently wsufficient causes occur most often in
children and may follow minor injurcs, as cuts or bruses, surgical
procedures as openung an abscess removing & splinter tonsillee
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tomy, the extraction of a tooth, anesthesia, vaccination or hypo-
dermuc mnjections Mmor aillments and infections, which do not
imperd life in normal children, may cause death rapidly or sud-
denly in the group referred to

The antemortem manifestation described 1 such cases bear a
remarkable resemblance to those of shock Thus 1s illustrated by
the fact that frequently the attending physician ascribes the acute
illness and death to anaphylaxis even though no foreign protemn
has been introduced This resemblance 1s so marked that Symmers
proposed anaphylaxis as the cause He found small necrotic foci
in the lymphoid tissues and suggested that the subject had
become allergic to the protemn of his own tissues(') and thereby
developed a reaction of the anaphylactic type We have found
focal necroses in lymphoid and parenchymatous tissues after
death by shock variously produced It 1s our belef that these are
results rather than causes of the reactions which led to death

It 1s sigmificant also that the necropsy findings usually include
visceral congestion and edema in addition to lymphoid hyper-
plasia and other features mentioned earlier in this discussion
Richardson (1905) reported the findings after death m a boy
aged mine who died suddenly after the suturing of a small cut in
the skin The thymus and lymph nodes were hyperplastic and
the aorta was thin and hypoplastic The lungs were congested
and contained small hemorrhagic areas The bronchial mucosa
was congested, swollen and the lumina contamned blood-tinged
flud He remarked upon the fact that in this and similar cases
the adrenals were small and flat In one mstance no chromaffin
substance at all was found Many of the records describe circu-
latory and lymphoid changes but omit any notations concerning
the adrenal bodies Observations on this feature mn the large
series of cases exammned by Symmers, would be most valuable
had they been published

Waldbott analysed the chimcal data and morphologic changes
recorded by other pathologists 1n 34 cases which, after cntical
scrutiny, were regarded as acceptable cases of status thymico-
lymphaticus In one instance the thymus was not enlarged, mn
the others the weight of the thymus ranged between 15 and 85 gms

““The most constant and charactenstic changes were present in the lungs
On gross examination there was 2 marhed mncrease in weight and exuda-
tion of lmd from the cut surface Some areas were crepitant, others dis-
tended, others edematous The microscopic sections of all 34 cases showed
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areas of marked dilatatson of the capulary blood vesseds. In some instances
the capsllaries appeared to be packed with blood cells  In other areas there
was extravamation of blood cells or exudaton of edemarous flud nto the
alveslar spaces and secondary bronche

Petchual hemorrhages were described 1 serous surfaces and 1o
certain of the viscera 1n 29 of the cases. Marked hypoplana of
the adrenals was noted 1n most of the records. Waldbott com
mented on the simulanty of the crculatory changes to those seen
after death by anaphylans as indicating some hinship between
those condltions Certmnly the crrculatory changes noted were
of the same pattern as those seen after shock from vanous causes.
His analyms of cases confirms important interpretations made
earlier by Marine  The latter defined status lymphaticus as

~ A comnmponal defect psually congenutal (though it may be acquired)
dependent upon an inadequacy of the suprarenals, sex glands 2nd autonomic
nervour syrtem and asmocated with lowered resstance or mcreased sus-
ceptibthty to a great vanety of non#peafic physcal and chegucal agents
Anatomically st m charactenred by delayed wnvolutwn or hyparplana of
the thymus, hypertrophy and hyperplasa of the lymph glands and lymphord
tisue of the vanous organs, underdevelop of the ch it dal
{suprarenal cortex, interstitial cells of the testu and ovanies) and cardro-
vascular 0y stems, and certain peculianties of external configuranon

The eviience which we have ated supports a hypothess explain
ing many perplexing features 1n the syndrome of status lymphat
icus. That condition has many features 1o common with expen
mental adrenal cortical insufficiency  Both are characterized by
2 lugh degree of susceptibility to vanous injunous sgents and
conditons wcluding trauma  drugs, surgeal procedures and
nfections  In both there 13 hypoplasia of the gonads and depres-
son of the reproductive function  Hyperplama of the thymus
and of lymphoid tissue in general are prormnent features. Lowered
resistance to vanous agents 1s manifested by signs like those of
anaphylans death 18 preceded by acute circulatory deficency
and the necropsy findings are identical with those which are
chamcteristic of shock.

These resemblances seem to justify the concluson expressed
by both Jaffe and Marine, that the picture presented by adrenal
cortical deficency n ammals may justly be considered as the
expenimental production of status lymphaticus. This hypothess
18 1 harmony with the evidence that = hghly umportant function
of the adrenal cortex has to do with defense against various
unfavorable conditions and that one function of this hormone 15
the mamtenance of endothelial tonus. Defiency of cortical
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function, produced experimentally or occurring as a congenital
defect, predisposes to loss of endothelial tonus, to dilatation and
hyperpermeability leading to acute circulatory failure of the
shock type

This should be considered as a reasonable working hypothesis
which may be either corroborated or invalidated by the acquisition
of additional evidence

ADDISON’S DISEASE

It 1s well known that extensive destruction of adrenal tissue by
tuberculosis or other disease, produces a characteristic group of
systemic disturbances ' These have many pomts of similanty
with experimental adrenal cortical deficiency There are marked
weakness, fatigability and loss of weight Vomuiting, diarrhea and
other disturbances of digestive function are regularly present
Dyspnea, low blood pressure, rapid feeble pulse and a tendency
to syncope or collapse are prominent 1n advanced stages of the
condition The basal metabolism 1s low and the renal function
deficient  Such patients have a markedly lowered resistance to
mnfections and to other hazards, they do not withstand extremes
of temperature, exertion, anesthesia, or minor surgical procedures
and they often are hypersusceptible to the action of drugs Rown-
tree noted that signs of shock were prominent 1n the crises of the
disease or shortly before death The flesh lost 1ts normal turgor
and became cold to the touch, the temperature became sub-
normal, the penipheral veins were collapsed and relatively blood-
less, 1t was difficult to secure blood by vempuncture and the blood
was abnormally concentrated

Most of the pubhshed data from necropsy examinations per-
tamned to the destruction of the adrenal glands by atrophy or
disease, the pigmentation of the skin and the evidence of tuber-
culosis elsewhere in the body When complete findings are
published they usually include marked “passive congestion of the
lungs” and varying degrees of wisceral congestion, often with
edema It 1s significant that many cases show ‘“bronchopneu-
moma” and that chinically this 1s often the terminal event (see
Chapter XIV) Frequently persistent or hyperplastic thymus
and hyperplasia of other lymphoid tissues are found

The simlarities between this syndrome and the conditions of
ammals lacking mn adrenal cortical hormone are numerous Those
similarities mclude also the response to the admumstration of
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cortical extract Rowntree and his associates found that injections
of the hormone caused the mamfestations of adrenal deficency to
dnappear . & spectacular manner but epinephnn had no such
effects. 'The benefits denved from cortical extract were most
marked 1 the acute stages or the crises of the disease The
vomiting and diarrhea ceased, the appetite improved, metabolhsm
rose to normal, the atrength and endurance increased There was
rehief from paun and fatigue and the mental state changed from
depresson to hope and optimiam  The patients withstood anes-
thema and operative procedures such as usually prove fatal i
untreated cases of Addison’s disease  Patients 1o an acute stage
of shock sometimes responded 1n & manner described as dramatic
The arculation returned to normal efficency and the improve
ment just descnibed followed,

It is not strange that Addison’s disease m man and adrenal
cortical deficiency in anumals should have i common many
phymologic disturbances and that many of these should be relieved
by supplying the subjects with the hormone which they lacked
But attention should be called to several resemblances between
Addison’s disease and status lymphaticus

Star (1895) commented upon thymic and lymphmd hyperplasia
n Addison’s disease and Wiesel (1903) made similar observations
He attnbuted status lymphaticus to hypoplasa of the chromaffin
system. Hedinger (1907) commented on the fact that both
Addison s disease and status lymphaticus are charactenzed by
abnormal susceptibility to mjunous agents and by thymic and
lymphoid hyperplama he found hyperplasia of these tissues at
necropsy 1n 12 out of 15 cases of Addison’s disease he believed
that both diseases are related and that they ongmate 1n deficencies
in the chromaffin

An exammation of the protocols of necropsy exarinations
Adduson’s disease reveals that hyperplama of the thymus and of
lymphord tissue was found almost regularly Another stnking
resemblance to status lymphaticus 1s the hypersusceptibility to
njury, infections and to vanous noxious agents Death may
oceur from tnvial or apparently insufficient cause in each condition
and it usually 1s preceded by evidences of circulatory disturbances
of the type seen mn shock These considerations lend support to
the hypothesis that status lymphaticus may be explaned ulty
mately ax a congenital defictency of the endocnne glands 1oy olving,
among others the adrenal cortical secretion

The usefulness of adrenal cortical extract 1 cases of Addison’s
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disease has been demonstrated beyond question Its therapeutic
use 1n the prevention and treatment of shock 1s still in the expen-
mental stage as will be discussed 1n a later chapter The evidence
seems sufficient to justify the trial of cortical extract for the
prevention of shock when those having the anatomic character-
1stics described by Symmers, acquire infections or are to be sub-
jected to surgical procedures

Summary —Lack of adrenal cortical hormone 1s followed by the
development of the shock syndrome This presents the same
functional disorders, chemical alterations and pathologic changes
n the viscera as are produced by shock origimating otherwise

In adrenalectomized amimals, shock develops gradually after
the lapse of several days This and other evidence indicate that
one function of the adrenal cortical hormone 1s to maintain the
normal tonus and semipermeability of endothehium

Adrenalectomy causes hyperplasia of lymphoid tissue, including
the thymus This 1s accompanied by greatly increased suscepti-
bility to various types of noxious agents Many facts support
the interpretation that status lymphaticus 1s essentially a condi-
tion of deficient adrenal cortical function Iakewise there are
many similarities between these conditions and Addison’s disease

The benefits which follow the administration of adrenal cortical
extract in Addison’s disease support the suggestion that cases of
status lymphaticus should be given adrenal cortical extract before
subjecting them to minor surgical procedures



CHAPTER XVII

RECAPITULATION

Beroxr discussing the prevention and management of shock,
a resumé may be helpful in mntegrating the previous discussions
into an intellgible picture  In the Foreword to Part 1 the Dyna
mics of Shock, 1t was set forth that the ensting lack of agreement
ongnated chiefly from 4 major sources The first of these was
nadequate knowledge of endothelial function and reactions and
of circulatory disturbances ongnating 1n the capillanes A com
prehension of these has contributed immeasurably to an under
standing of shock resulting from vanous causes also it has clanfied
the disturbance of fluid balance which 18 regularly associated with
it An additional obstacle to agreement has been that meny
surgeons regarded traumatic shock as a distinct entity —a cond:
tion 1w generns—and did not comprehend its relationship to
arculatory falure of exactly the same type onginating under
other conditions,

The second major cause for confumon wes the failure to dis-
tinguish between shock and the effects of hemorrhages. Loss of
blood is frequently an associated feature when shock has resulted
from phymcal trauma, and its contributory effect 13 of the highest
imporiance  But the effects of uncamplicated hemorrhages present
numerous features opposite i character from those which con
stitute the syndrome of shock.

Variations 1n blood pressure used as a cnterion and failure to
connder the depressor effects of anesthesia and of losses of blood,
have led to undependable conclumons concerning the effects of
absorption A revison of expenmental techmuique employing
controls which obviated these sources of error has demonstrated
that the absorption of products denved from damaged tissues
independent of narcosis and of hemorrhage will produce the
complete syndrome of shock.

Last but perhaps not least of the causes for confuson was
failure to apply to the problem the methods used by pathologists
Hemeconcentration during hife, and the presence of engorged
capillanies stass petechi and edema after death indicate beyond
perndventure that endothehal damage 1s & dynamic factor of the
hughest importance  Shock like other condstions of discase, 1s

(207)
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accompanied by a pattern of morphologic changes which are
related etiologically to its mechanism of ongin and which wdicate
that dystunction of endothelium 1s a major factor in its develop-
ment

In view of the character and magmitude of these sources for
confusion 1t Is not strange that final clanfication of the problem
has been delaved When these causes have been recogmized and
abwiated, 1t becomes a mmple matter to assemble the related
facts and reactions nto an mtelligible picture  Figure 25 presents
that picture as we see 1t

THE CYCLE OF DEATH

The functions of the capillaries in serving the needs of the tissues,
require that they be delicately responsive to lack of oxvgen and
to the presence of metabolites But they are equally senmtive to
various noxious agents Because of this senmtwity, the capillary
endothelium 18 a most vulnerable structure, highly susceptible to
nyury and, n response to 1t, giving ongn to senous disturbances
of the arculatory function

In discussing the disgram (Fig 25) on p 208, the term Capillary
Atony will be used 10 nclude the pathologic effects resulting from
endothelial damage The efiects of anoxa upon endothelum and
the mtiation of a vicious arcle were set forth in Chapter IV It
was shown that the two major factors in this cycle are Anoxza
and Capillary Atony, also that these factors are reciprocal because
the effect of either of them gives ongn to the other It 18 appro-
priate here to consder the vanous ways o which this arculatory
disturbance may develop end the contributory influences of other
factors The diagram shows the relationship of these factors to
the genesis of shock

Under Agents or Conditions Injunous to Capillanies are hsted
the vanous climeal conditions and cxperimental agents which
will give nse to shock I have included under chinical conditions
only those in which the case histories showed that death resulted
from shock or arculatory collapse and 1n which the necropsy
findings were charactenstically these of shock. Also under expen
mental agents are Listed only those with which I have had personal
expenence  In each instance these agents have produced the
shock syndrome in animals accompanied by hemoconcentration
followed by death from circulatory famlure, and 1n each 1usmnc1:
the postrortem findings were those which regularly resuit from s

u



210 RECAPITULATION

shock Doubtless many other agents than those hsted would
have a stmilar circulatory effect if given to anmmals under suitable
conditions Apparently numerous diverse clinical conditions and
experimental agents may cause mjury to endothelum and, by
virtue of that effect, may produce Capullary Atony with the results
as indicated m the diagram

It has been observed that lesions of the central nervous system,
such as hemorrhage, tumors and other organic lesions, and the
effects of direct trauma or surgical operations involving various
portions of the bramn, often produce shock-like manifestations
Exammations of the blood in such instances have shown hemo-
concentration and the viscera after death present typically the
arculatory changes of shock Death from circulatory failure
occurs occasionally 1 various forms of psychopathy in which
demonstrable lesions are lacking In such cases the same con-
gestive and edematous conditions of the viscera are found 1Itis
known that local edema sometimes results from disturbances of
mnervation, and that the edema flud resembles plasma mn 1its
composition All these observations indicate that Endothelal
damage may result from disturbances arnising from nerve agencies

Heat stroke 1s accompanied by circulatory collapse, sometimes
so severe as to end fatally The postmortem findings duphcate
exactly those which we have found after experimental shock
produced by various means The mechamsm by which heat
stroke causes circulatory failure has not been shown, but many
beheve 1t to be through effects upon the central nervous system
It 1s evident that the same cycle, whose effects are seen 1n many
other grave climical conditions, 1s operative here

Endothelial damage, regardless of its ongin, produces directly
the Pathology of Shock These changes consist of dilatation and
engorgement of venules and capillaries 1 the viscera, stasis,
petechiz, edema and effusions The sequestration of blood by
stasis lowers the effectzve blood volume, and the edema, effusions
and hemorrhages lower the acfual blood volume These condi-
tions tend to cause a disparty between the volume of blood and
the volume-capacity of the vascular system Physiologic com-
pensation for Reduced Volume of Blood 1s accomplished 1n part
by vasoconstriction of the artenies This directly causes a Reduced
Volume Flow, thereby causing Reduced Delwery of Oaygen to the
tissues and Tissue Anoxa This latter condition produces Zndo-
thelial 1nyury and completes the cycle, the effects of which become
irreversible 1if not relieved soon
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1t is important to recognise that the operation of the viqous
arcle may start at other points then Endothelral wmyury or Tissue
Anozia  For example Reduced Blood Volnme from any cause,
will be accompanied by a reduction of the Volwme Flow and sf
sufficdent 1n degree, will decrease the delnery of oxygen and lesd
to Awoxis thereby mitiating the operation of the cycle YLaoss of
blood by hemorthage and loss of fluid by vomuting purging or
by persplration, may reduce the blood volume if the mechamsm
of fluid balance 18 serjously disturbed So long as the vascular
endothelum 18 functioning normally such loss of volume 13
readily compensated by absorption of flud from the gastro-
sntestinal tract and from the tissues. The ability to absorb fld
and the entire mechamsm of “water balance sre dependent upon
a norma! state of the endothebium Hence loss of fluid by any
route may not be restored if abnormal permeability of endothelium
has devel,

Any condition which causes a reduction of the Volume Flow
below physiologic limits may so decrease the delivery of axygen
ns to cruse Trssue Anorra and thereby may initiate the vicious
circle  Examples of this are seen in the production of shock
cxpenmentally by large doses of adrenahin or by retarding the
crrculation mechanically as in the expenments of Erlanger and
of others described in Chapter IV These expenrents resulted in
hemoconcentration and the pathologic features charactenstic of
shock were noted in the viscera by the suthors. It has been sug
gested (scc Chapter IV) that hyperactivity of the sympatho-
adrenal system 18 & cause for shock and the production of maximal
artenal constnicion by adrenalin has beun aited as an example
However it is unsafe to conclude that hecause shock can be
produred experimentally through & certan rgency, all mstances
of shock are due to that agency

Deficiency of cardiac function from varnous causes results
directly i » diminution of the ¥ plame Flow and causes death from
deficient delivery of oxyvgen to the tissues. Examples of this are
seen in \alvular lesions with decompensation and m rmyocardial
{ailure from any cause Tt 13 well known that coronarv eccluson,
i nat immediately fatal, will produce the complete chmeat 51
drome of shock  The mechanism of this effect 18 perfectly intel
ligable when its relationship to Treswe 4roxta is recognired

Many of the causes for Tistwe Anoria have already been con
sidered  Let 1t be cmphanzed that the arculatory cffects of
anona wil be the same, regardless of whether 1t ongnates from
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inadequate imternal respiration or from asphyxia  Several poisons
such as hydrocyanic acid, carbon monoxide or morphine, interfere
with the delivery of oxygen to the tissues and their effect 1s due
primarily to systemc lack of oxygen This produces endothehal
damage and thereby mitiates the same sequence of disturbance as
do other noxious agents

The wisceral appearances when death 1s rapid differ somewhat
from those seen when 1t 1s somewhat delayed, but the differences
are distributional rather than quahtative In the former the
process 15 rapid, sometimes almost mstantaneous, selective dis-
trnibution of circulation, favoring wvital organs, has not had time to
occur Hence cyanosis of the skin surfaces, as well as of visceral
areas, 15 commonly seen Shock 1s more gradual in 1ts develop-
ment and, as crculatory deficiency begins, the blood supply to
the periphery 1s restricted The skin becomes cold and the arteries
leading to the limbs are almost pulseless Correspondingly the
visceral congestion 1n this state 1s more intense, and the cutancous
surfaces are pale rather than cyanotic

Anoxia not only affects the capillaries directly as has been set
forth, it may also produce imndirect effects by disturbing the
metabohism 1n the tissues IExamples of this are seen mn the expen-
ments 1n which shock was produced by obstructing the circulation
to the limbs No systemic effects were seen until the obstruction
was removed, after which shock developed rapidly The authors
beheved that lack of oxygen 1n the limbs caused abnormal products
of metabolism which, when released into the systemic circulation,
caused shock to develop The same mechanism may be a factor
when prolonged arterial constriction has been produced by
adrenalin

The mstances cited indicated that the sequence of effects which
constitute the vicious circle of shock, may be mmtiated at varous
pomnts m the arcle In each nstance the arculatory effect was
stmilar and indicated the reciprocal relationship of Capullary Alony
and Tissue Anoara

THE MECHANICS OF DEATH

The author mwites thoughtful consideration of the mechanism
by which wital functions finally cease in death from so-called
natural causes, Haldane’s statement that the immediate cause
of death 1s practically always anoxerma, is endorsed by physi-
ologists This 1s the condition which /‘stops the machinery and
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wrecks the machine ” The pumary cause may have been dises
of mnfectious, metaballe, toxic or neoplastic engn  yet ett
resparatory or arculatory fajlure develops in the final stage of
Consequently 8noxia 16 mtroduced as & terminal factor, and
causes capillary atony as effectively as sl endothelsal snjury h
been the pnmary event  The effects upon the systemic circulaty
will be qualitatively sunllar, regardiess of the cause for the caj
lary atony This consideration mav explan the clincal, b
chemical and morphologic mmulanties, whether death con
rapidly by durect mjury to endothelium or whether indurectly

gradually developing anoxema incxdent to diverse processes

sense

The chinical picture which develops, as the monbund st
approaches, replaces migmficantly the previous symptoms  Ce
gestion and edema of the Jungs are danger signals fndicating |
geavity of the condition  Thirt, nausea, vomiting rapid shall
respirations and increased pulse rate suppression of unne, losy
tissue turgor, clammy skin and cold perspication are charactens
mgns. Finally the “Hippocratic facies,’ the carpology, the clouc
mental state and the falling blood pressure indicate the immuner
of death

These chmcal mgns are accompamed by equally mgmfia
chemical and phymologic duturhances. In the monbund st
from vanous causes the blood becomes darl, 1ts oxygen contt
is low and its clotting is delayed the urea, creatinmn and m
protein nitrogen increase  the distnbution of electrolytes and fl
ia disturbed, the sodium and chlonides decrease while the potassy
content nses the alkabne reserve and the metabolism dechne

The visceral appearances when shock has developed rapi
after trauma bums or ntoxicafion differ only in degree fn
those scen when death has come more gradually from sunc
natural causes. In the former there is acute capillo-venous o
pestion of the lungs and of the seresx and mucose, there
petechinl hemorrhages in these structures 1n the brain and mi
wmges and 1n parcnchymatous organs, marked edema of the lw
and mucose and blood tinged effusions 1n serous cavities Wt
snoxemla occurs as the terminal event in diverse types of illne
the lungs are less congested and edematous ther wesght 1s not
markedly inereased petechixe are not present, and serous effusic
are not marked nor are they tinged with blood.

1t is both remarkable and mgnificant that the clinfcal featur
the functional disturbances and the visceral changes are alm
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identical whether death has occurred rapidly by shock or whether
more gradually after some grave illness It appears that the
effects of anoxia supply the explanation for these resemblances,
careful scrutiny reveals no other factor 1 common, and it has
been shown that anoma alone will duplicate the syndrome of
shock or of the moribund state from various diseases

The emigma of shock has baffled physicians and mmvestigators
n their attempts to elucidate 1its nature and ongin  The occur-
rence of circulatory failure and death, when no vital organs had
been mjured, was mexphcable All natural phenomena have been
mysterious until explained or understood, then they become
logical and relatively simple It now appears that shock 15 merely
the approach of death by its usual mechanism—the reciprocal
effects of Tissue Anovia and Capullary Atony Comprehension
of this relationship dispels the mystery from this phenomenon
The Vicious Curcle of shock may appropriately be considered as
the Cycle of Death

TOXEMIA VS. ANOXEMIA

A chinical condition which develops in the late stages of serious
illness, 1s often interpreted as “toxerma ” The rapid feeble pulse,
the “Hippocratic facies,” the thirst, nausea and vomiting, the
depressed renal function, the increased nitrogen content of the
blood, the restlessness, anxiety, clouded mental state and final
torpor or semi-comatose mmsensitivity, are frequently attnbuted
to the effects of some toxic substance Likewise the circulatory
collapse is often assigned to myocardial degeneration caused by
the same hypothetic toxin The parenchymatous changes seen
post mortem 1 the hiver, kidneys and myocardium, are usually
assigned to the same cause

In considening the vahdity of this interpretation, let 1t be
emphasized that simple anoxemia from any cause will duphcate
both the climcal features and the parenchymatous degenerative
changes as descnbed Attempts to demonstrate a toxic substance
in the blood have failed, almost without exception, mn cach of the
conditions mentioned The pathologic physiology of burns fur’—’
nishes an excellent example Clinically the evidences of “toxerma
are unmistakable, and the opimon that some toxic substance
results from thermal injuries has been held by many Yet most
pamstaking efforts have failed to demonstrate such a substanccr

The vascular effects of cytoplasmic substance (Chapters 1, A



IN CONCLUSION 5

and VII) discharged from cells in response to mjury explain the
disturbances formerly attnbuted to some hypothetic “toxin ’

The conception of toxerua in diverse conditions of diseae
appears to ongimate by a process of inference or deduction  Many
agents such as poisons, venoms histamine, bactenal toxing, pep-
tone and the ke if wnjected mnto the blood produce the chmeal
syndrome descnbed and interpreted as intoxication  Therefore
when that syndrome develops after trauma, burns and other
catastrophes 1t has been ascribed to toxerma.

In the final aualyms the vahdity of this view depends on the
defintion of terms, If nll agents which produce relaxation and
permeability of capillanes shail be regarded as toxins, then the
conception of toxemia is substantiated  However that defimtion
would include normal metabolites, cytoplasmic substances and lack
of oxygen as toxins.

Caplilary atony 15 0 terminal factor in grave diseases of diverse
kunds, It produces chimesl mamfestations usunlly ascribed to
“imtoncation.’”  So far as the actual mechaniam & concerned
many phenomena called foxic are essentially anoxic

IN CONCLUSION

To this wnter it does not appear that the proposed expiana
1ions {or shoek are fundamentally incompatible or that the barriers
to agreement arc insuperable It m perhaps natural that those
who deal practically with battle wounds, scadental injunes and
the aftermath of extensive surgeal procedures, should regard
traumatic shock 2s an entity distinct from other phenomena of
disease  When & healthy vigorous person sufiers extenmive trauma,
there 15 something both dramatic and mystenous in the progressive
{ature of arculation and the inexorable approach of death no
vita organ having been damaged  Proximity to this manifestation
magmfies 1t In the view of surgeons, many of whom appear to
regard 1t as o condition sxt generss not related to the same many
festation originating under ather conditions.

Observers from a more detached viewpoint may gain & persper
Uve not apparent to the surgeon.  They see the mame syndrome
sccompanied by identical phywologic and liochenuca! disturbances
and by wdentical patholomc changes m the viscera m grave con
ditions of distase 1n which no traumatic injury is present and no
blood nor fiuid has Leen Jost bocally  They see shock 1n & broader
perspective and recognize that jts development after mjunes is
only one of the many conditrons of its occurrence.
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A surgeon states that surgical shock has not one but many
causes: the anesthetic, the local loss of blood and fluid, anoxema,
emotional influences as fear or pain, vascular reflexes, loss of fluid
by vomiting and otherwise, infection, mtoxication and the debih-
tating effects of the disease which made operative procedures
necessary, that the relative importance of these factors varies in
each case and that they operate in varying combinations m dif-
ferent cases

An observer with the broader outlook not only admuts all these
observations, he reiterates them with emphasis So far, the agree-
ment 15 perfect and no cause for argument exists But have all
the etiologic factors been enumerated and considered? Would
it not be approprnate to extend our hornzons sufficiently to recog-
nize a fundamental kinship between the mechanism of surgical
shock and of that ongmnating in other conditions, and to admit
that toxic products of protemn cleavage, endogenous n orgn,
should be histed among the factors which may imtiate shock?

It appears that such an admussion s harmomious with an
enormous mass of physiologic, experimental and chnical data and
that no mvahdating evidence has been shown Such an admission
would abolish at once the chief controversial aspects of the subject
and would thereby contribute to the progress of medical science
Fundamental principles having been agreed upon, investigations
on other features of shock could go forward i an atmosphere
cleared of controversial discussions



PART 11

The Prevention, Recognition and
Management of Shock

FOREWORD
As 13 our pathology, o s our practice ~OSLER.

It would be presumptuous for one who 18 neither surgeon nor
mternist to wnte upon technical surgical procedures or to advise
concerning the medical management of the ek Ability to apply
to the indlviduat case, remedial measures and princmples derived
from all fields of medical science 1s important in the art of med:
ane A pathologist will nat profler matruction m that art.

The effectiveness of treatment depends essentially upon jts
relationship to pathogeness. Hence those conversant with the
vanous factors in the etiology of & condition, are competent to
appraise methods for counteracting it and to compare with that
apprusal the recorded expenences of practitioners.

Those who puot vessels through dangerous waters are guided
by charts showing detalls of reefs shoals channels and currents.
In early days, the charts were drawn by navigators who had
learned the channels of safety by expenences on the reefs and
shoals Inmodern times, such charts are prepared by cartographers
who have surveyed and plotted with munute care each detail of
that coastal aren. The cartographer may never have pudoted
precious vessels through the channels shown on his maps, and the
navigntors seldom inquire whether he had done so

New techmcal methods for the eary recogmtion of shock and
2 new mode of clinical attack, have developed recently  Methods
for prepanng storing and using plasma, serum and blood substs
tutes have opencd 2 new epoch in the treatment of shock  An
analyns of the relationstip of these jtems to the mechanisms
wvolved should be useful as a gude m practical management
The author beheves that an cvavlation of remedial measures as
rilated to the vascular dynamics of shock will be welcomed both
by surgeons and by internists

11D}
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A surgeon states that surgical shock has not one but many
causes the anesthetic, the local loss of blood and fluid, anoxerm:;,
emotional influences as fear or pain, vascular reflexes, loss of fluid
by vomiting and otherwise, infection, intoxication and the debih-
tating effects of the disease which made operative procedures
necessary, that the relative importance of these factors varies in
each case and that they operate in varying combinations i dif-
ferent cases

An observer with the broader outlook not only admuts all these
observations, he reiterates them with emphasis So far, the agree-
ment is perfect and no cause for argument exists But have all
the etiologic factors been enumerated and considered? Would
it not be appropnate to extend our horizons sufficiently to recog-
nize a fundamental kinship between the mechamsm of surgical
shock and of that onigimating in other conditions, and to admit
that toxic products of protemn cleavage, endogenous m origin,
should be listed among the factors which may mitiate shock?

It appears that such an admission 1s harmonious with an
enormous mass of physiologic, experimental and chimical data and
that no invalidating evidence has been shown. Such an admission
would abolish at once the chief controversial aspects of the subject
and would thereby contribute to the progress of medical science
TFundamental principles having been agreed upon, mnvestigations
on other features of shock could go forward in an atmosphere
cleared of controversial discussions
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The Prevention, Recognition and
Management of Shock

FOREWORD
As 15 our pathology 0 13 onr proctice —~OSLER

1t would be presumptuous for one who s neither surgeon nor
intermist to wnte upon technical surgical procedures or to advite
concerming the medical management of the mck  Abiity to apply
1o the individual case, remedial mensures and prinaiples denved
from all fields of medical science, 18 tmportant m the art of medi
ane A pathologst will not proffer wstruction 1n that art

The effectiveness of treatment depends essentally upon its
relationshsp to pathogenesis. Hence these conversant with the
various factors 1 the etiology of a condition, are competent to
appraise methods for counteracting 1t and to compare with that
appraisal, the recorded experiences of practitioners

Those who pilot vessels through dangerous waters are guided
by charts showing details of reefs, shoals, channels and currents
In carly days, the charts were drawn by navigators who had
learned the channels of safety by expenences on the reefs and
shoals. In modern ames, such charts are prepared by cartographers
who have surveyed and plotted with munute care each detail of
that coastel area. The cartographer may never have piloted
precious vessels through the channels shown on s maps, and the
navigator seldom inquire whether he had done xo

New technical methods for the early recognition of shock and
a new mode of chinical attack have developed recently  Methods
{or prepanng storing and uming plasma, serum and blood subat
tutes have opened a new epoch in the treatment of shock  An
snalysis of the relationship of these items to the mechanisms
wvolved should be useful as a gwide in practical management
The author behieves that an e\ aulation of remedial measures, as
related to the vascular dynamics of shock will be welcomed both
by surgeons and by internists
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CHAPTER XVIII
THE PREVENTION OF SHOCK

The best treatment for shock 1s prevention —CRILE.,

THE prevention of shock requires first, a thorough comprehen-
ston of the vanous conditions under which 1its development may
be expected, second, an understanding of 1ts mechamsm, and
third, the application of practical measures for counteracting or
ehmmating the factors in that mechamism The various factors
entailed, the mode of their action and the conditions of their
occurrence have already been considered Attention 1s now mvited
to the apphcation of practical measures for the prevention of shock

SURGICAL SHOCK

As stated previously, the circulatory failure which develops
after surgical operations results from the combined effects of the
disease which necessitated the operation, the anesthetic, the
absorption of substances from damaged tissues, hemorrhage and
loss of fluid mn the area of surgery or trauma The eflcct of fear,
pamn, and other emotional responses should be added to the group
of factors mentioned

The condition of disease which necessitates surgical intervemon,
1s taken into thoughtful consideration 1n the choice of procedure
whether palliative or operative To estimate the degrec of the
operative nsk requires an accurate evaluation of the patient’s
physiologic reserve It requires a high type of judgment, ba§e(l
upon wide experience and observation, to decide whether operative
procedures, 1n a given case, entail greater hazards or greater
probability of benefit These considerations vary n cach indi-
vidual case, hence a theoretic discussion of them 1s not profitable

Anesthesia.—The contributory effects of anesthesia are indis-
putable It has been shown that about 10 times as muz,:h hista-
mune 1s required to produce shock in unanesthetized animals as
i those under ether ancsthesia  General anesthesia usually s
not sufficient to cause circulatory failure in a normal healthy person
or ammal, but 1ts contributory effect is great and it may narrow
to a dangerous degree, the margin of safety A person \\ho. has
sustained severe physical injury, but without evidence of circu-

(218)
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latory defioeney may develop shock when anesthetized for opera
twn  The same statement applies to those whose present conds
tions of disease make them “poor surgical nsks.”

Both anesthetists and surgeons recognlse that the cholce and
usc of anesthetic agents must be adapted both to the mdividual
patient and to the contemplated operation The debilitating
effects of disease may render hazardous any florm of general
anesthema A weakened but adequately compensated crculation
may quickly show signs of decompensation under anesthesia alone
or when operative procedures are begun, (s is true esther i
cases of cardiac ympairment or when periphernl arculatory defia
ency threatens or may be feared It 1 not within the province
of this discussion to gve matruction mn sdspting the anesthetic
to the conditions of the individual case, but rather to consider the
properties of anesthetic agents as related to the mechamwm of
shotk

Cattell stated that ether causes a decrease in cardiac output
which produces a dechine 1n blood pressure, both in normal and in
shocked ammals. Barbour and others have shown that ether
causes hemoconcentration which may range from 10 to 15 per
cent.  This was confirmed by Boumne who noted that general
anesthesa tends to disturb the water balance to lower the alkaline
reserve to decrease the pH and to durunish the volume of unne
excreted He stated that all inhalation anesthema causes some
depreszion of renal function  His survey of the subject indicated
the chaice of 3 procedures  regional anesthema, 1 ¢, local or
spinal general anesthesa with mitrous exde or ¢y clopropane, or
& combination of the two methods. He regarded all other forms of
anesthesia as obsolescent because of their untoward effects.

When one considers the disturbances of phvmiology mentioned
above, he understands why general anesthesia increases danger
ously the effects of condittons which tend toward shock The
experiences of military surgeons in the previous war indicated
that nitrous oxide anesthesia was less apt to precipitate shock in
wounded soldiers than was ether or chloroform  Dale found that
nitrous oxde plus om gen contributed less than ether anesthesia
to shock by histamine sn cats. That principle has been venfied 1n
the present world catastrophe in treating aur raid casunlties, ot
1s reparted (Grant) that the inhatation of mtrous oxide combined
with ox) gen contnibutes to shock less than other agents do

et mtrous oxide even combined with 0x3 gen, 18 not frec from
danger  Courville reported detaited studies on 9 fatahties resulting
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under such conditions These included necropsy examinations
and a cntical study of cercbral tissues The changes found
included congestion, edema and hemorrhages 1n the meninges and
brain, and severe degeneration, extensive necrosis, sclerosis and
calcification, these involved chiefly the cerebral cortex and the
lenticular nucleus Postmortem data on other organs were not
given m detail, “bronchopneumoma,” wvisceral congestion and
degeneration of liver and kidneys were mentioned His studies
led to the conclusion that both the chimical symptoms and the
pathologic findings resulted from asphyxia and not from touc
effects of the gas 1tself

Spinal anesthesia obwviates many of the disadvantages which
attend general anesthesia, yet it has the unfavorable cffect of
lowering the blood pressure The mechanism of this appears to
differ from that produced by ether, which of itsclf effects endo-
thehal permeabihity, facilitates the development of edema (Bar-
bour), causes hemoconcentration and lowers the blood volume
Decreased arterial tension from spinal anesthesia 1s not accom-
panmed by concentration of the blood nor by reduced blood
volume Apparently it 1s caused by arterial dilatation which may
be counteracted by vasoconstrictive drugs such as neosynephrine
(Bourne, Silvers) and produces less serious harm than does endo-
thehal permeability

Lemmon recently devised a technique by which the degree of
spmal anesthesia may be kept under control during the operation
The spinal needle 1s mserted and kept n place until the operation
1s finished It 1s connected by rubber tubmg to a 10 cc Luer
syringe contaming novocain, procaine or other anesthetic agent
mn solution By opening a cock, then pressing or withdrawing
the piston of the syringe, varying amounts of the anesthetic agent
may be given or withdrawn from the spinal canal as required By
this means the anesthetic 1s admimstered “fractionally,” 1 ¢, no
more 1s given at one time than 1s required to block sensory impulses
When the operation 1s fimished, the anesthetic solution may he
dramned from the spinal canal and replaced by sahne solution
This minimizes the arculatory and systemmc effects of the ancs-
thetic and reduces the danger of shock The technique requires
a special needle and an operating table constructed with an open
space to accommodate the ncedle and its conncctions Surgeons
who have used this techmque for spinal anesthesia, speak enthusi-

astically concerming 1ts advantages
Blalock endorses spinal anesthesia for operations below the
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umbilicus, 1f administered by  skilled anesthetist.  In discussing
the advantages and dangers of different forms of anesthema he
gves well placed emphesis to the necesuty for avording snona.
This item appears to be the most potent element of danger pre-
sented by many ancsthetic agents Smnce anoxia 18 one of the
major factors 1n the mechansm of shock one cannot over-empha
suze the need for avolding it

Various chermeal combinations of barbitunic and have been
proposed as Jess dangerous than ether when shock 18 feared  The
cxperiments of Seeley, Essex and Maon indicated that shock was
induced 1n dogs less eamly under amytal anesthesia than under
tther  On the other hand in an extensve companson of the
effects of hemorrhage 1n unanesthetized dogs and in those given
amytal (see Chapter I\) we found that the latter succumbed to
about one-half the loss of blood required to cause death in the
former The barbiturates fachitate the development of shock
by thesr defetenous effects on endothehum (Goodman and Gill
man) Boumne stated that ‘ evipal’ and other baruturates in
therapeutic doses produce relatively severe anoxa and that
‘avertin’ or tribromethanol has a gfmilar action

Inhalation anesthesis 18 accompansed by deleterious effects on
parenchymal cells.  This statement apphes to the degenerative
changes found 1n the bran kidneys and hiver after deep anesthena
with chloroform, ether or mitrous onde. ‘The effects of the latter
appear to result chiefly from anaxa (ride supra) and those of the
othess are due at least in part to the same  Goldschmidt Ravdin
and Lucké investigated this feature and reported that an adequate
supply of oxygen, combined with gencral ancsthesa, protects the
hiver against such demage  Coleman compared the cffects of five
anesthetic agents upon the kver  Ranked i descending order of
seventy these were  avertin mtrous onde and ether spinal
mirous oxde plus oxygen and local anesthesia.

Several Bntish surgeons have found local anesthesa most
satisfactory for operations after battle wounds and ar rad
casualties  Clarke and Kessel reported that local anesthesia
dimnishes the madence and the degree of shock as compared
with similar operations done under genersl anesthema. Dodd
stated that after spinal or local anesthema, the postoperative
progress 1s smoother, the mortality lower and the final results
better It 13 obvious that local anesthesia will causc less syatemic
cffect than will genersl anesthesia.  Under similar conditions of
use the former will contribute less to snaxie and to arculatory



222 THE PREVENTION OF SHOCK

farlure than will the latter. This princaiple would scem to apply
also to spinal anesthesia when expertly admnmistered

Morphine 1s given to allay pamn after operations, trauma or
burns, and 1its usefulness for this purpose 1s unquestionable
Morphine also allays apprehension and other emotional reactions
and should be given sufficiently to sccure quict and comfort But
its effects beyond this point are to be avoided

Morphine depresses the activity of the center which governs
respiration, this retards the respiratory rate, reduces the supply
of oxygen to the tissues and lowers metabohc activity 1t is
emphasized agan that anoxia 15 2 major factor in the mechamsm
of shock The use of morphme beyond the amount necessary to
allay pain, 1s contramdicated because of its tendency to produce
anoxia

At one time 1t was the vogue to give CO. by mhalation m
attempts to prevent acapma Apparatus which allowed the patient
to rebreathe his own exhalations was devised, advocated and used
extensively, even after 1t was shown that acapma 1s not a causc for
shock  The inhalation of CO. accelerates the development of
experimental shock m ammals (Cannon, Coonse and others)
Many surgcons found that their results under anesthesia with
rebreathing were not so satisfactory as before that innovation was
adopted There 15 no apparent physiologic reason for its use 1n
surgical anesthesia The logical procedure 1s to combine ovygen
with the anesthetic agent m order to counteract the tendency
toward anoxia

Let it be emphasized that, regardless of what ancsthesia s
used, 1ts contributory cffect will be directly proportional to 1ts
amount and duration The surgeon who desires to mimmize this,
will do so by reducing the time of the operation to the minimum
which 1s consistent with careful and effective operative technicque

Expenienced surgeons reduce to the utmost the cffects of al)sf)q)-
tion by avoiding all unnecessary trauma during operations  They
use sharp mstruments because a dull kmfe damages the tissues
far more than does one which 1s keenly sharpened  They reducc
the apphcation of clamps and hemostats so far as possible hecause
the aggregate amount of tissues crushed by them may be con-
siderable  When hgatures are applied, they remember tha’t‘al!
the tissue distal to the higature must cie from lack of blood  This
necrotic tissue will be absorbed 1nto the system, and 1ts effects are
added to those of other factors Mampulation of the viscera is
done gently and 1s not done unnccessanly  Itas recalled that an
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effective methed for producing shock expermentally 1s to manipu
late fordbly the abdommal viscera of anesthetized ammals. Al
unnecessary sponging or rubbing of serous surfaces and of exposed
tissues Iy avoaded

Hemorrhage and Loxs of Fluld.—To stress the importance of
hemorthage as & contnbutory factor Is to emphasuze the obvious.
Massl /¢ hemorrhage mil cause death when the axygen-carrying
capaaity of the blood is reduced below the nunimum of phymalogic
Yimits. Medical experience has shown that a heaithy unanes-
thetized person or ammal will survive repeated uncompheated
hemorrhages which gradually reduce the erythrocytes and hemo-
globin to 30 per cent of the normal ar even lower A sudden
hemorrhage produces more serious effects than the gradual loss
of the same volume of blood

But minor degrees of hemosrhage occurnng comaidental with
dlscase anesthesia, trauma or surgery may produce serious or
fatal results Cannon s experiences In the treatment of shock at
casuslty cleanng stations led hun to emphasize repeated)y that
shocked patients and those whose injury 1a such that shock is
feared arc highly sensitive to hemorrhage “A small loss of blood
wholly without permanent effect under ordinary arcumstances,
may cause A calamitous fall of pressure  Spewal care should be
cxercised dunng operation on shock cases not to lose a drop more
blood than actually must be lost And all tissues should
be bandied with extreme gentleness

The contributory effect of hemorrhage was exemphfied in some
of the expenimental work on shock  Roome Reith and Phenuster
found 1n dogy under ancsthesia that the loss of 58.6 per cent of
the cstimated volume of blood would cause death if withdrawn
within an hour  If withdrawn more slowly 70 per cent of the
total volume produced the same effect  They found that dogs
similarly anesthetieed died from much smaller hemorrhages of
subjected to trauma or intestmal manipulation The Bverage
amount of blood necessary to cause death, when combined with
trauma to an estremty was 24 per cent, when combmed with
intestinal marupulation the average amount was 18 per cent

Lows of flurd inte the tissues, or by vomiting purging or perspira
hion 1 not o sericus & condition xo long as the mechansm for
mamtaiming water balance is undisturbed  \foderate losses of
hlood or flnd are compensated readily by absorption of fluid
from the tssucs. But that mechamam 18 (hrown out of function
by hypcrpermeability of endothehum  In that condtion, the
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mechanism of absorption 1s deranged and losses of blood and.or
fluid become more serious

An’y loss of blood or fluid 1s of consequence when circulatory
deficiency threatens, and its importance 1s directly proportional
to the volume of blood and/or fluid lost

Surgeons are well advised in avoiding all direct losses of blood,
also unnecessary trauma which may cause leakage of plasma nto
the tissues  Degrees of these which would cause no 1l effects 1n
a normal person, may be of serious consequence when combined
with the effects of disease, anesthesia and of absorption from
traumatized areas Gatch and Little determined the amounts of
blood absorbed on sponges, towels and pads during vanous types
of ordinary operations Their figures mdicated that the usual
loss of blood 1s much larger than the operators realize. They
adwised adequate transfusions to replace such losses.

The oxygen-carrying capacity of anemic blood is less than that
of normal blood, proportional to the degree of anerma  Hence
anoxia develops more readily m those whose red cells and hemo-
globin are below normal The operative risk may be reduced by
giving transfusions preparatory for major surgical procedures in
such cases

The practice of giving sahne solution intravenously before the
patient leaves the operating room is logical In many surgical
chinics 1t is standard practice to give saline combined with 5 per
cent glucose solution The rationale for this 1s not based upon
physiologic principles, and it 15 questionable whether the com-
bination 1s more effective than sahine solution alone In shock
the blood sugar already 1s above normal, the depression of metabohc
activities is not duc to hypoglycemia  Glucosc diffuses rcadily
through endothelium, hence the tncreased osmotic pressure sccured
by inlroducing 1t,1s very fransien!  Starhing found that the increased
osmotic pressure which resulted from an injection of glucose,
had subsided within ten munutes Such flecting eflects as this
would not delay the development of shock nor would they md
matenially m reducing 1ts degree  The admimstration of glucose
solution scems to be a routine practiced by most surgeons, appar-
ently 1t does no harm, consequently 1t 1s not to be censured

A transfusion of blood, plasma or scrum is given as a preventive
measure 1f conditions are such that shock is probable  The volume
of blood or plasma which may prevent shock is much smaller than
that nccessary Lo combat circulatory deficiency when it has devel-

oped
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Psychologic Factors,—Expenienced surgeons agree that the
psycholome attitude of the patlent is a factor of importance
Meany refuse to operate except 1 emcrgenaes when apprehension
and fear of the operation are great. Patients whose dread of the
ordeal 18 excesave are said to be poor nsks. They may die while
the anesthesma 18 boing given and they develop shock more reacily
than patients whose disease 18 ssmilar but whose mental state 18
one of confidence

A similar phenomenon 15 observed in ammals. Many expen
menters have noted that dogs which show great inght and which
struggle strenuously when given ether may die before or during
aperative procedures  This occurs 50 frequently that many
workers have adopted a routne for mmmunng this danger
Some gve & sedatinve or narcatic before glving the general anes-
thesia others avold {nght and struggle by placing the ammal m
a closed cabinet and introduciog a sponge soaked with ether
“Many surgeons give a sedatsve which tends to reduce the appre
hensive state of the patient pnor to anesthesa.

The exact mechamsm by which psychologic influences affect
the circulation 1s not known, But the avoidance of that hazard
is & precaution well supported by expenicnce

INJURIES, IMMEDIATE TREATMENT

Expenences gamned dunng the early years of World War 1,
later became standard practice in canng for wounded men
These are summarized in the final chapter of Cannon's menograph,
Trawmatic Shock  The prmaples set forth were based upon
experiences with great numbers of all forms, degrees and complica
tions of casualties. They are equally apphcable to injunes incurred
w avil life

Detalled instructions' were 1ssued to medical officers for the care
of the wounded the prevention of shock was & msjor conudera
uon  The instructions embodied the following measures

Hemorrhage was controlled by figature of the bleeding veasels, by packs
packing
deep wounds with gauze and by applying snug bandages to provide raodetate
ptrctgldn Tuumltqueuhvrcre ;ppllcli only when other methods had failed
was d by applymg blankets 23 s00n a3 possible, |
wp arnficial heat from a prmus steve hot bncks or water bocd:{, :u“&pg’
she use of 2 warming chamber  Hot drinks were grven by rouune it way
arged thar all wounded men need fusd by mouth.
Gcal Hist of the W
o o 191.1.“ Medunl Services, Surg. T p. 73 Lopdon
13
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mechamsm of absorption 1s deranged and losses of blood and/or
flud become more serious

Any loss of blood or fluid 1s of consequence when circulatory
deficiency threatens, and 1ts importance 1s directly proportional
to the volume of blood and/or fluid lost

Surgeons are well advised m avoiding all direct losses of bload,
also unnecessary trauma which may cause leakage of plasma nto
the tissues Degrees of these which would cause no 11l effects m
a normal person, may be of serious consequence when combined
with the effects of disease, anesthesia and of absorption from
traumatized areas Gatch and Little determined the amounts of
blood absorbed on sponges, towels and pads during varnous types
of ordinary operations Thewr figures indicated that the usual
loss of blood 1s much larger than the operators reahze They
adwvised adequate transfusions to replace such losses

The oxygen-carrying capacity of anemic blood 1s less than that
of normal blood, proportional to the degree of anemia Hence
anoxia develops more readily 1 those whose red cells and hemo-
globin are below normal The operative nsk may be reduced by
giving transfusions preparatory for major surgical procedures in
such cases

The practice of giving saline solution intravenously before the
patient leaves the operating room 1s logical In many surgical
chimics 1t 1s standard practice to give saline combined with 5 per
cent glucose solution The rationale for this 1s not based upon
physiologic prinaiples, and 1t 1s questionable whether the com-
bination 1s more effective than saline solution alone In shock
the blood sugar already 1s above normal, the depression of metabolic
activities 15 not due to hypoglycemia  Glucose diffuses readily
through endothelum, hence the increased osmotic pressure secured
by wntroduciig 1, 15 very transient  Starling found that the mcreased
osmotic pressure which resulted from an njection of glucose,
had subsided within ten mimutes Such fleeting effects as this
would not delay the development of shock nor would they aid
matenially 1n reducing 1ts degree The administration of glucose
solution seems to be a routine practiced by most surgeons, appar-
ently 1t does no harm, consequently it 1s not to be censured

A transfusion of blood, plasma or serum 1s given as a preventive
measure if conditions are such that shock 1s probable The volume
of blood or plasma which may prevent shock 1s much smaller than
that necessary to combat circulatory deficiency when 1t has devel-
oped
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Prychologic Factors.—Expenenced surgeans agree that the
psychologic attitude of the patient is a factor of umportance
Many refuse to aperate, éxcept 1n emergenaes when apprehenson
and fear of the operation are great. Patsents whose dread of the
ordeal 15 excessive are said to be poor nabs. They may die while
the anesthesia 1s bemng given and they develop shock more readily
than patlents whose diseasc is amular but whose mental state is
one of confidence

A wnular phenomenon Is observed 1n aumels.  Many expen
menters have noted that dogs which show great inght and which
struggle strenuously when given ether may die before or durning
operative procedures  This occurs so frequently that many
workers bave adopted a routine for runumanng thus danger
Some gne a sedative or narcotic befare gving the general anes-
thesis others avold fnght and struggle by placing the ammal in
a closed eabinet and introducing a sponge scaked with ether
dany surgeons mive a sedauve which tends to reduce the appre
hensve state of the patient, prior to anesthena.

The exact mechamsm by which psychologic influences affect
the arculation is not known But the avoidance of that hazard
{s 8 precaution well supported by experience

INJURIES, IMMEDIATE TREATMENT

Expenences guned dunng the early years of World War I,
Iater became standard practice in canng for wounded men
These are summarized in the final chapter of Cannon’s monograph,
Trawmatic Skock The prninaplea set forth were based upon
experiences with great numbers of all forms, degrees and complica
tions of casualties. They are equally apphicable to injunes incurred
wn avil hfe

Detailed nstructions' were isstied to medical officers for the care
of the wounded the prevention of shock was & mayor conmdera
uon  The instructions embodied the following measures

Hemarrhage was controlied by hgature of the bleeding vessels, b cking
deep wounds with gauze and by spplying smup bandages to p-mvxde)rr!:dm\e
pressure Tourr:»qucn were applied only when other methods had faded.

Cold was d by applyieg blankets a5 soon 23 possible, by supply
g arufical heat from a primus stove hot bricka or water botcles, and by
the ure of 2 warmung chamber  Hot draks were gnen by routme it was
urged that all wounded men need find by mouth

' Offcal Hidtory of the War Media! Servio
]l\!SutmmDﬁchlJ"M Swx T p 73 London,
18
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Pain was counteracted by giving morphine early and as often as needed
Emphasis was laid upon immediate and efficient splinting of injured limbs
and upon care and gentleness in the hfting and transportation of the
wounded

Tincture of 10odine was applied locally to fresh wounds Infection was
combated by early surgical treatment of wounds, by careful dressings and
by rapid evacuation to hospitals

Reports on the immediate treatment of battle casualties and of
those mjuried 1n air-raids in the present conflict indicate that the
same general measures are applicable An official statement 1ssued
by the National Research Council! endorses the principles set forth
above and gives other important instructions for the prevention
of infections m wounds and burns Many of the items pertam to
surgical asepsis, disposal of contaminated matenal and to standard
prophylactic measures

“Recent experiences have demonstrated beyond doubt the value of the
application of crystalline sulfanilamide to wounds which are awaiting
débridement This should be applied liberally to all wounds as soon as
practicable after they have been incurred It 1s recommended that
every wounded man be given 10 gm of sulfanilamide every four hours
for 6 doses until definite surgical treatment has been accomplished

“As soon as possible after the injury the wound should be débrided
Major blood vessels and nerves should not be sacrificed  All necrotic skin,
fascia and muscle must be excised  The wound should then be thoroughly
irgated with sterile physiologic solution of sodium chloride  After this,
not more than § gm of crystalline sulfanilamide shall be placed 1n any one
wound or 10 gm 1n all wounds of a single patient After débnidement,
irnigation and the local use of sulfanilamide, the area should be covered
with petrolatum gauze and carefully dressed

“Institute shock therapy at the earliest possible moment and continue 1l
up to the time of operation It consists essentrally of (1) giwing morphine,
(2) keeping the patrent warm and (3) gioing blood plasma” (Itahces mine )

This official statement also contains detailed concise nstructions
concerning surgical technique, operative and postoperative care,
drugs, dressings and equupment

Control of Hemorrhage.—The laity have been informed from
various sources, that a tourmquet appled proximal to a wound it
the proper way to control hemorrhage This formerly was endorsed
n treatises on surgery and in manuals on first aid Tourmquets
often were apphed as first aid to wounded men and were still in
place when they arnved at casualty stations several hours later

! National Research Council  Prevention of infection in wounds and burns
Prepared under the auspices of the Commuttee on Chemotherapeutic and Other

Agents and the Commttee on Surgery of the Division of Medical Sciences
War Med , 1942 (May) 2, 488-496
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“The removal of these was follawed not infrequently by the develop-
ment of shock. Subsequently 1t was shown (Wilson and Roome,
Allen) that constrichion of the hmbs of anumals by tourmquets
caused shock when released. On the bass of expenences, Wallace
and Fraser caused the following nstructions to be 1ssued

Bleedmg 15 to be arrested by pressure upon, or hgatare of the bleeding
pomnt 1tself 2nd not by constnction of the lmb above or by tymg the
artery on the proximal fide of the injury  The systematc use of the elasnc
tourmquet should be limited, and 1ts use, apart from during an operauon,
thould be restricted to those cases 1n wihich 2 hmb 1 completely smashed
or blown away or as a temporary measure while 2 patient 13 bewng camed
to a regrmental aid post  If the medical officer finds that a tourniquet has
been already applied, 1t 16 hus duty to remave it at once and to exsmune the
Jumb, 30 as to arcertam whether there 18 actially hemorrhage and, if 0
to take measures for it arrest.

The suggestion was ofiered

that if a limb has been so badly mangled that 1t cannot be saved 2 tourns
quet should be tet close above the traumatized tssues and left i place
wntil after amputasion  The amputanon should be performed prommal to
the tourntquet. Thus, throughout the pernod of transportation and prepara
tion for removal of the limb, the body 15 protected against toxe matenal
which 5t present in the wm and smashed trues and 18 hikely to be absorbed ”

Hemorrhage usually may be stopped by applying pressure on
the wound A compress may be bound to the wound, using care
not to constrict the artenal circulation by a bandage too tightly
applied

1f bones have been broken, & temporary splint 1s apphed outsde
the clothing before hfting the person onto a hitter or attempting
any form of transportation If no sphnts are at hand a broom
handle walking stick or piece of lumber may be serviceable This
precaution tends to prevent further hemorrhage, also 1t lessens
the injury of soft tissues by the ends of the fractured bone

When the patient amves at the acdddent ward the clothing is
removed preferably by cutting  He 1a then examuned carefully
both as to the nature and extent of the wjunes and as to the
condition of the arculation If injunes are severe and obviously
require mmediate surgical attention it 1s advised (Grant) to
take him at once to the operating room before removing the
clothing then if hemorrhage begins, under preparation and exam
nation it can be controlled promptly If the condition of the
arculation 1 not satisfactory it 1s advised to postpone operative
procedures, other than necessary hemostasis, and to mstitute
restorative measures before mving surgical care to wounds  The
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patient 1s placed m a warmed bed, covered with an electric cradle,
given hot drinks and sedatives if required, and carefully watched
If the patient 1s severely wounded, pale, almost pulseless and
has rapid shallow or gasping respirations, he 1s placed at once on
a bed elevated at the foot and a transfusion of blood, serum or
plasma, 1s begun at once In cases of severe hemorrhage, whole
blood 1s given rather than plasma or serum Do not waste time
in making repeated attempts to msert a needle into veins which
are collapsed and hard to enter, open the skin and msert a needle
or cannula “Many patients will do well on no more than rest and
warmth and morphia, and are soon ready to undergo operation ”
Heat —Loss of body heat contributes greatly to the develop-
ment of shock It 1s prevented by wrapping well wmith blankets
As many layers of blanket are required on the cot or stretcher as
covering the patient A cage or “cradle,” covered with sheeting
or with blanket matenal and fitted with bulbs or other electric
heating units, 1s convement for supplying warmth In the previous
war, blankets were draped over the patient and a kerosene lamp
placed under the cot Hot drinks are highly effective in com-
bating loss of heat Clothing wet with perspiration or otherwise,
should be removed at the earhest possible moment ‘“The clinical
improvement seen when a wounded man, cold and shocked, 1s
merely put to bed and warmed 1s often astomishing The pulse,
absent at the wrist, may return in good volume and within an
hour the blood pressure may rise to a satisfactory level” (Cannon)
The suggestions concerning heat are applicable when an injured
person, perhaps cold, wet and suffering from exposure, 1s brought
m  Often they are useful in the absence of exposure, but the same
principles are sometimes followed injudiciously after major surgical
procedures not related to wounds or accidental injunes
Precautions to prevent chilling are regularly employed both
during and following operation The operating room often 1s
kept at a temperature above that of other rooms, the patient 1s
well covered with blankets and heat 1s often appled artificially
Few surgeons realize that these measures 1f overdone, defeat
their own purpose and that judgment 1s required m their apphca-
tion A standard routme of keeping patients warm may be
dangerously overdone by zealous attendants The direct applica-
tion of even moderate heat causes dilatation of skin capillaries
This 1s a factor of real importance when circulatory deficiency 1s
present or is feared It increases the total volume capacity of
the vascular system and accentuates the effects of decreased blood

volume which 1s present regularly in shock.
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Furthermare, 1f heating 1 mildly overdene it results in perspira
tion  Sweat s salt solution lost by the system. Tt can be replaced
readily under normal condibons  but it lesaens the amount of
fnd avaiiable to preserve the blood at a standard level of didution
The development of shock may be accelerated by excesave apph
cation of heat.

Allen found that rats kept at & low temperature developed
shock more slowly than those kept warm, under othermse dentical
conditions of expenmentation Blalock edvises that patients
should not be chifled, but that heat should be used mth modera
tion and over-heating avorded  ““Patients mith inapient or fully
developed penpheral crculatory fmlure should be kept warm

but it should be borne in mind that excesmve heat may
excrt a8 severe ill effects as excessive cold

Summary —Surgeons have been able to reduce to & minfmum
the occurrence of shock following operative procedures  They
report that ominous arculatory deficiency of this type rarely
occurs it modern surgical practice and they attnbute this achieve
ment to precautions taken for the prevention of shock

The first of these 1 preoperative  The nutntion and general
condition of health are given days, or perhaps weels of attention
for the purpose of raming so far as possible the physiologic reserve
A penod of hospitalization may be advisable dunng which ade
quate diet food and rest may improve the phymcsl status, and
minor ailments may be corrected or relieved  Thoss who are
anemic are treated appropriately, often by transfusion of blood
1t 15 recagnized that the better the physical condition the smoother
will be the postoperative penod.

Dunng the operstion the traumatization of tissue the loss of
blood by hemarthage, and the duration of the ancsthesia are
reduced to the absolute mimmum  When extenmve or complt
cated procedures have been such that shock 1 feared, transfusions
of blood of plasma or serum or saline solution given intravenously,
meintain the arculation and reduce the danger of 1ts subsequent
definency  These precautions usually are taken before the
patient leaves the operating room

Those who have suffered wounds or sceidental mjyury are
handled as little a3 pomble are transported wathout delsy and
s gently as may be after temporary sphinting and hemostasis,
and are treated with the prevention of shock as a purpose

These precautions have resulted In a decreased occurrence of

shock after operations and after battle wounds and secdental
wnjunes



CHAPTER XIX

PREVENTION OF ABSORPTION

No factor 1 the prevention of shock exceeds m magmtude of
1mportance the prevention of absorptrion This statement has been
considered thoughtfully and 1t 1s no exaggeration Absorption 1s
both an imtiating and a sustamming factor after battle wounds,
acadental 1njunes, visceral perforations, burns, intestinal obstruc-
tion and severe regional infections The matenals absorbed
include cytoplasmic substance, which of itself causes capillary
relaxation and endothelial permeability (Ebbecke, Lewis), products
of autolysis of damaged tissues which have the same effects
(Chapter VII), and products of bactemal growth The latter
group of substances 1s of high importance in lacerated contamnated
wounds, perforations of abdominal viscera and 1n infections of the
tissues with gas bacilli or with other organisms

WARTIME CASUALTIES

Miltary surgeons divided wounds from projectiles and shell
fragments mto 3 mamn groups They classed as awvulstve wounds
those in which an area of flesh including subcutaneous tissue and
muscle, had been torn out and carried away more or less com-
pletely  Perforating wounds were those in which the projectile
had gone completely through a himb or other part Implunging
wounds were made by missiles which were almost spent, they
penetrated 1nto the tissues, carrying fragments of clothing with
them, often leaving only a small opening n the skin at the point
of entrance

The mjury to soft tissues varied greatly but, excepting avulsive
wounds, the damage was greater than was evident by external
exammation Frequently the wounded parts contained irregular
cavities filled with blood, débns and foreign material The impact
of projectiles traveling at high velocity was transmitted laterally
and produced a zone of pulped or devitalized tissue surropndmg
the actual path of the projectile Often the external openings n
the sk were obstructed by bits of muscle or by a large mass of
relatively uninjured muscle, this resulted if a hmb was flexed
when wounded and later was placed mn the extended position

(230)
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(Fig 26) When a bone had been struck fragments of 1t were
drven laterally and forward producing a crateriform wound of
ent. “Soft nosed’ projectiles produced mmilar destructive effects.

It was noted that a pownted bullet, striking “nose on ”’ made a
clean cut perforation on entenng the tissues but if its velocity
was 2000 fect per second or greater the wound of exst often showed
an “cxplosive ' cfiect even when no bone had been struck. This
eficct produced a large lacerated wound of exit. “Sometimes 1t
is of great size and shows shreds of muscle and of tendons and
fascim bound together by blood clot and protruding from an irregu
lar cratenform opening in the skin ”  Bullets often break apart

Fia. 26 —Dmgram of 2 perforating bullet wound of the thigh. The track
of the projectile may be closed by a ghuft {n the pomtion of the muscle. (From
Med. Dept. of the U.8, Army in the World War v XI Surgery p. 301 Wash
ington, Govt Pnnting Office, 1927)

within the tissues adding to the destructive effect and leaving
fregments of the casing scattered at some distance from the
path of the larger pieces.  This happened especially after s bullet
had nchocheted or had struck bone the frequency of this effect
led to the suspicion that the enem) was using explosive bullets.
It was noted that conditions which favored absorption were
followed by more scvere after-effects  Widely open wounds in
which flesh had been cut awny were less severe in their after
effects than the deeply penctrating wounds which communicated
with the surface by only a small opening Multiple small super
fiaal wounds as from shell fragments, appeared tnvial in them
sclves but collectively they represented extenmve tissue injury
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and multiple foci of nfection  Such mjuries were often followed
by the development of shock !

Débridement.—At the outset of World War I, the types of
wounds described were treated conservatively by Incision, removal
of fragments, and drainage The mortahty from shock and from
subsequent infections was disproportionate to the apparent gravity
of the injunies  French surgeons soon developed the more radical
and effective operative technique of débridement This resulted
m a decrease 1n the degree and mncidence of shock and 1n a lower
mortality from wounds The procedure was adopted soon by
the surgeons of the Allied Armues, 1t was described by Poole as
follows

“The skmn incision, when possible, should be made parallel to the long
axis of the imb  This permits wide exposure of the underlying tissues and
renders subsequent suture less difficult A transverse incision should rarely
be employed In the case of a deep transverse perforating wound 1t 1s
better to make 2 longitudinal inusions and work inward from each rather
than to make a transverse incision with division or excision of considerable
muscle tissue  The tract 1s exposed 1n the middle of 1ts course and débride-
ment 1s carried out from this region 1n both directions The skin wounds
of entrance and exit are excised by small elliptical excisions and the wound
edges approsimated

“’The operation 1tself consists 1n the free excision of all tissues with which
the foreign body has come into contact and all devitalized wissue, except
structures such as nerves, large vessels and bones, whose removal would
interfere with the function of the part and cause permanent disability
Free excision, however, does not mean ruthless, bhnd butchery of the
parts, but rather, careful, intelligent dissection, with liberal removal of
such parts as should be removed, and with equally scrupulous preservation
of such parts as may be left with safety

“The wound itself, with all contused skin, 1s excised by removing an
elongated ellipse of shin  No healthy skin should be sacrificed on the
sides of the ellipse, as 1t 1s 1mportant to conserve as much skin as possible
in the transverse plane of the hmb to facihtate suture This 1s esp’ecmﬂy
mmportant 1n the forearm There 1s no advantage 1n attempting a débnde-
ment through a short mnaision A deep débridement demands a long incision
The skin incision must always be vertical to the skin surface, the tendency
to bevel the mcision should be avoided, as this interferes matersally with
satisfactory suture (Iig 27) .

“All traumatized and devitalized muscle must be removed This
demands excision for a distance of 0 5—1 cm on all sides of the tract  The
dissection 1s made parallel to the fibers of the muscle, a long, relatively
narrow ellipse 1s removed so that the sides tend to fall together after the
exaision  The dissection should be made by planes, muscles should be

1 Medical History of the War, Surg I, Chapter II, H M Stationery Office,
London, 1922
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dentified and the mtuation of nerves and large vessels should always be
bomme m

Careful hemostasis 13 necexsary at all stages  Spongmng of blood should
be done by pressure and not by rubbing, because the latter maethod may
carry organmm from an infected to a clean part of the wound and may
@use a small tract to be lost o view The forogn body should not be
extracted until reached m the dusection atherwise the parts fall togetber
ard the upues immediately beyond the bady which often contain dothing
may not be adequately excised  When the excnon 1 complete all exposed
muscle must look healthy contract when pinced with forceps, and ocoze
when snipped with sassors otherwise s vitality has been dimmushed to
such a degree 23 to favor gan bacillus infection
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Fra. 27 —ITiostrates successive stages m the débmdement of a perforated
wound of the thogh. (From Bed t
s s Dept. of the UL, Army in the World War

This procedure left the waunded ares free from foreign material
{ragments of bone and devitalized tissue and surrounded on all
fides by clean viable tissue. The practice of débndement resulted
ihnc:l:i:tr mortality, leas extensive subsequent wfection and earher

g

The lapse of time before surgical treatment could be fven was
shown to be a hghly important factor in the mortality percentage.
Santy reported results on 79 cases in which the time between the
reception of the wound and the surgical treatment was nown
eccurately  The results are shown 1n the table on P 234
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The cases, as shown by the author’s data, mcluded wounds of
similar extent and severity 1n each of the groups The progressive
mncrease in mortality, when operation was delayed, indicates the
necessity for early surgical treatment 1f death by shock or severe
infection 1s to be avoided The first six hours after mjury are
called the golden hours because operative relief later 1s less effective

TABLE 4

Hours No of Mortalsty
Intervenin 4 Cases percentage

1 10 10

2 9 11

3 8 12

4 11 33

5 9 36

6 12 41

' 8 8 15

9-10 12 75

Military surgeons noted that conditions which reduced absorp-
tion contributed to a favorable course and to recovery “As soon
as possible there must be complete suppression of the trauma”
(Wallace) This was accomphshed by immediate rapid “guillo-
tine’”’ amputation of mangled imbs and by débridement of other
wounds “The operation 1s commonly followed by a remarkable
and maintained improvement so rapid and striking as to appear
a direct sequel to the removal of the damaged hmb ” The expen-
ences of the British, American and French military surgeons during
the first world war were summarized by Cannon as follows

“The excellent results of prompt operation, performed on the severely
wounded before the development of secondary shock, have been noted
before this tme  The great French military surgeon Larrey, who followed
Napoleon’s campaign, laid down the dictum that crushing wounds of the
extremities should be operated upon at once, for that treatment ginces the
only hope The figures given by Santy point to the action of some agency,
which, as time passes, brings on the state of shock and seriously jeopardizes
the chances of recovery The bearing of these observations on the tovic
onigin of secondary shock 1s obvious The crushed and lacerated tissucs
become not only a source of danger to the body from processes of death
taking place 1n them, but they are most favorable sites for mfecnorl I'or
both reasons, therefore, early clearing away of destroyed tssue, or débride-
ment, 1s a prophylaxis aganst shock and other damaging conditions ,

“If secondary shoch 1s already established when the patient, cold :Iln(
depressed, 1s brought under surgical care, there 15 general agrccmcgt that
simple measures, such as warmth, rest and fluids, should be applic ’:n an
attempt to improve his state before operative interference 1s begun
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The practice of deahng with extenmve lacerated wounds by
amputation or débndement has become standard A different
type of mjury has occurred from the bombing of aities dunng ar
rmds over England Numerous vichms were pinioned under
débns for many hours before they could be rescued and given
treatment. Such ‘“‘crush injuries’ presented featurea not often
secn 1n previous wers, The compression of hmbs under timbers
and masonry even when unaccompaned by open wounds, hemor
rthage or fractures was followed by secondary shock as indicated
by hemoconcentration, low blood pressure and other signs. Several
reports on  crush mnjunes have appeared recently in Bntith
journals (Grant Mayon White Bywaters and others) These
cases were given the usual treatment the blood volume was
restored by transfusion of blood or of serum and the blood pressure
was mamtamned at satisfactory levels yet many of them died
These presented the features of shock with delayed death dis
cussed under Sublethal Shock (pp 173-195)

The authors stated that the one feature common to these mnjuries
was extenmve pecrozis of muscle Apparently the surgeons were
not mindful of the danger presented by absorption from these
arcas the vichms were treated as If with the hope of conserving
the damaged Iimbs. Relief by amputation waa attempted 1 one
case the authors commented that ‘eardy’ amputation—done
thirty-sx hours after the reacue'—did not prevent a fatal outcome

It seenms probable that one valuable lesson from expenences
wth crush injunes, wll be that early amputation or débndement
18 as essential in these as in cases of badly mangled himbs.

BURKS

Davidson who laid the foundation for the modern treatment of
burns, was convinced that absorption from burned areas, was the
dominant factor in the systemic effects  “Of the vanous theores
presented  that which attrbutes the constitutional reaction to
absorption of sorne toxic substance or substances from the burned
aren 18 most strongly supported by the available evidence ” He
sought means for combating the toxemia by precentton  He attrib-
uted the toxemua to autolytic products of protein decomposition
n the damaged tissue and discussed 4 possible means for counter
acting this (1) by arresting the autolytic process (2) by removing
the products of protein decomposition mechanically or by baths
(3) by slowing the process of absorption by the use of vasocon
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strictor drugs, (4) by causing a local coagulation of all devitalized
tissue  Smnce the practical and efficient apphcation of the first
three of these was difficult to accomphsh, he adopted the suggestion
of E C Mason that coagulation of the devitahzed tissue by chem-
cal agents would delay both the autolysis and the absorption of
1ts products

Picric acid, previously used in the local treatment of burns,
had the disadvantage of causing toxic effects by absorption of the
drug when used 1n a concentration sufficient to cause coagulation
of the tissue protemn  Experiments with boric acid did not produce
satisfactory results The use of tannic acd (25 to 5 per cent
solution) appled immediately and continuously to the burned
area was followed by results far superior to those of any treatment
previously used The reports of Davidson on this mode of treat-
ment have made history

The routine finally adopted was to give the patient immedsately
by hypodermic imjection a sufficient dose of morphine to allay
pain  The blebs were opened and the loose epidernus was trimmed
off Then the-burned areas were covered with sterile gauze pads
held m place by bandages These were then saturated with a
freshly made solution of tannic acid (the solution deteriorates on
standing) The dressings were opened from time to time for
mspection, any areas which remained red and moist were treated
with tannic acid solution until oozing ceased and the surface
became brown When all the burned surfaces had assumed a
hight brown color, the dressings were removed and the areas
exposed to the air The parts were protected aganst mechanical
mjury by a frame or “cradle’” draped with sterie hinen

The purpose of the procedure was to coagulate all of the tissue
devitalized by the burn With deep burns, this required the
stronger solution of tanmc acid applied for a longer time The
subsequent dehydration of the coagulum was facihtated by
moderate warmth from electric light bulbs under the cradle. It
was found that the firm dehydrated coagulum was not a suitable
medium for bacterial growth and that secondary infections were
distinctly limited

The local treatment was accompanied by systemic measurcs
for mamntaiming blood volume and flud balance (p 269) This
mode of treatment was found more efiective than others previously
used on burns of similar extent Burns of second degree healed
completely without further treatment, mn those of third degree,
the coagulum contracted into a firm eschar under which healng
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by grenulation proceeded, and presently the eschar sloughed
spontaneoualy

The advantages gained were a defimte decrease in the degree of
torxerma, the fever, hemoconcentration and non protemn mtrogen
of the blood were each relatively lower, the wounds were less
pamful, healed more rapudly, secondary infechons were reduced
and the resulting scar tissue was less m amount.

The coagulation of all the tissues injured by heat and the sub-
sequent rapid dehydration of them, have become standard modem
practice 1n hospitals and chimes  Detailed mstructions 1 these
matters and In systemic treatment have been published recently
by Harkins {175 A few modifications of the techmque for
coagulation have been found highly effective  Bettman reported
that & § per cent solution of ailver nitrate was more effective than
tannic acid as & coagulant. Others have combined methyl violet
or gentian violet with either tannie acid or mlver mtrate solution
for the purpose of inhibiting bactenal growth Wilson and asso-
clates have found the combination of 10 per cent ailver rutrate
solution with a 1 per cent solution of gentian violet most effective
and have adopted this as & routine procedure

Recently Pickrell has reported the use of a coagulant combined
with & sulia compound to prevent infection Three per cent
sulphadiazine in 8 per cent tnethanolamine was sprayed onto the
burned area with an atomizer Asephic care was employed in the
débndement of the loose epiderm and tissue. The mixture was
apphed every hour dunng the first day, at intervals of two hours
on the second day three hours on the third dey and once in four
hours on the fourth. The author reported that this treatment
produced a translucent plisble eschar and thet subsequent infec
tion was prevented or mimmuzed In 115 cases, the healing was
more rapid and the results more satisfactory than were obtained
by methods of treatment previously used at the Johns Hopkins
Hospatal,

Bums 50 extensrv e as to prove fatal inevitably by other modes of
treatment may recover if treated immediately by the methods
described  ‘The advantages are due to several factors coagulation
of the injured tussues retards both autolyss and absorption, hence
toxemia and shock are reduced and the hiver, bram and other
parenchymal tusues are less effected by toxins and by anoxa.
The coagulum does not distend with flwd, hence the local loss of
plasme from the blood 15 reduced The dehydrated coagulum is
Dot a switable medium for bactenal growth hence the body is
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protected both from infections and from products of saprophytic
growth in the devitahized tissues )

Systemic measures for combating the effects of burns arc dis-
cussed 1n subsequent chapters (pp 265-271, 295-296)

INTESTINAL OBSTRUCTION

The effects of intestinal obstruction vary widely i severity
depending on whether the obstruction 1s 1n the upper or lower
bowel tract, whether 1t 1s complete or partial, and whether a
loop of bowel 1s strangulated as by hermation, volvulus or adhe-
sions The effects of strangulation are far more severe than those
of simple obstruction The mfarction of an area of bowel, as by
an embolus 1n a mesenteric artery or by thrombosis of a mesenteric
vein, produces as severe effects as does strangulation

In cases of strangulation or infarction of the upper bowel, the
need for immediate surgery 1s imperative LEvery hour of delay
increases the operative risk and the tendency toward shock It
has been found that decompression of the distended bowel, by
Wangensteen’s method or by the Miller-Abbott tube, relicves the
distress, lessens the vomiting and the mamfestations of intoxica-
tion and facihtates the operative procedures For these reasons
surgeons prefer to wait until decompression 1s accomphshed rather
than to attempt operations in the presence of greatly distended
bowels Unless, as sometimes happens, the decompression actually
relieves the obstruction, surgical intervention 1s not deferred long
Absorption of toxic substances from the strangulated or infarcied
bowel 1s not obwiated by decompression, but proceeds apace
The effects of this are progressive, hence delays beyond those
necessary to reduce the operative nisk by securing temporary
improvement, are hazardous

The development of shock ncident to intestinal strangulation
or 1nfarction 15 the product of several factors Chief among these
1s the absorption of mnjurious substances from the mvolved loop
of bowel These mclude protems and protemn-spht products f rom
the devitalized mucosa, and substances resulting from bacterial
growth in the mucosa and mn the intestinal contents Persnstqnt
vomiting causes loss of flmd from the body, which loss 1s not readily
restored because the mechamsms of flwid balance and of absorp-
tion are disturbed, resulting in dehydration of the tissues and m
hemoconcentration  Under these conditions, ancsthesia and
surgical procedures may readily precipitate the development of



INTESTINAL OBSTRUCTION 239

shock  For this reason many expenenced surgeons employ local
or spinal anesthesia and lumt the operation to the mimmum which
will give rehef ¥t 1 not wthin the province of this discusaion
to advise surgeons concermng the choice of anesthetic agents or
of operative procedures best suited to indridual cases

The reason that strangulation or ntestinal mfarction 18 more
genious than sumple obstruction lics 1n the fact that areas of bowel
wall are devitalized 1n the former while 1n the early stages of the
latter mechanical hindrance to the passage of bowel contents 1s
the chief feature. This fact makes necessary the early removal
of the devitahzed area beforc the effects of absorption cause
urevernble systemic effects.

But unless mmple obstruction of the bowel 15 managed mntel
Iigently, the scquelee may be of the same type as after strangula
tion Simple obstruction causes distention of a segment of bowel
above the pomt of obstruction If this distention 18 severe and
continued 1t impairs the dreulation in the minute vessels of the
mucesa and submucosa, this leads to anona and to devitalization
of the involved tissues. The cffects of absorption from a distended
devitalhized area of bowel become like those of strangulation or
nfarction

The sequelee mentioned may be prevented 1n large measure by
the methods of Wangensteen or of Miller Abbott. Histoneally
these methods represent an elaboration of the technique for
duodennl drainage developed years ago (Einhomn, Rehfuss Lvon)
A slender rubber tube, with switable tip and lateral openings, is
swallowed by the patient.  After some hours this passes through
the pylorus the duodenum the jejunum and into the leum
Gascous distention 13 rehieved and fluid contents of the bowel are
aspirated by suction  The climcal improvement resulting from
successful intubation 15 descnbed as spectacular  Food may be
gven through a second tube passed to the stomach, and the
residue of bowel contents evacuated by espiration from the area
sbove the obstruction

The advantages gamed by thesc procedures are obvious Com
fort 1y sccured vomiting is relieved and the loss of flud and of
gastric secretions 1s prevented  Nutrition 15 maintained and the
absorption of toxic substances from bowel contents and from
devitahzed mucosa 1s prevented  The pathologic effects of dis-
tention upon the bowel wall arc prevented and the imminent
danger of shock 18 lessened  The condition of the patient may
be improved and such operatn ~ = --teons e T o
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to the case may be performed not as emergency measures but at
a chosen time under controlled circumstances with mmmzed
nsk

INFECTIONS

For many decades, physicians 1n general have recogmzed the
importance of absorption as the cause for toxemic manifestations
incident to nfections Methods for preventing such absorption
are so well known and widely practiced that they require no
special emphasis

The substances absorbed onginate from 2 sources (1) Products
of bacterial metabolism and the substance of bacterial bodies
The Vaughans’ studies on bactenal substances led them to the
conclusion that all bactenal protemns are highly toxic (2) Cyto-
plasmic substances and products of proteolysis of tissues damaged
or rendered necrotic by bactenal growth and invasion

The dechne mn temperature, rehef of pain and restlessness,
disappearance of toxemic manifestations and general chmical
mmprovement which follow adequate dramage of abscesses or local
areas of cellulitis, are phenomena with which most physicians are
familiar They need not be advised that infections 1n closed areas,
such as the pleural and peritoneal cawvities and n infected wounds,
require drainage 1n order to minimize absorption Obstetricians
often remove retamned deadua, clots and débris from the uterine
cavity when mfection has followed childbirth One chief rcason
why débndement of lacerated wounds lessens the danger of shock
and promotes recovery 1s that products of infection are absorbed
mn lesser amounts Wounds cleared of all débns contain less
material upon which bacterial growth may thrive

Whether evidences of shock result from local infections depends
upon the extent, character and seventy of the mfection If these
are such that hfe 1s endangered, evidences of circulatory failure,
formerly attnibuted to myocardial mefficiency, may be expected
The approach of death 1s heralded by the usual signs of shock,
though the early manifestations of 1t often are masked by t'hc
fever and other disturbances resulting from the mnfection  Quite
frequently shock develops gradually and mn a sublethal degree
and 1ts presence 1s unrecogmized although pulmonary congestion,
edema and evidences of renal disturbance are known to be present.
The frequency of terminal pneumoma (seec Chapter XIV) n such

cases is highly sigmficant

The occurrence of shock during scvere systemic infections, such
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as influenza typhoud, septicemia, yellow fever and others, was
discussed 1n a previous chapter  Unfortunately no measures for
preventing absorption are available m systemic infections they
are given such treatment as the internist may deem appropnate
But extenmve regional infections frequently produce exactly similar
deficency of arculation and other signs of shock. Examples of
this are seen in puerperal infection lobar pneumomie, peritonitis
and 1n wounds infected by such organisms as hemolytic strepto
coccus, virulent staphylococcus gas-forming bacilll and others
In certan of these, the prevention of sbsorption may produce
marked benefit. Drunage and other appropnate measures may
prevent death from pentonitis. Life may be saved if an extremity
infected with orgamsms of fulminating virulence, 18 effectively
drained or 1 amputated before the infection has spread to other
parts of the body

It was observed 1n World War I that wounds mfected with gas
baallus or with the baallus of malignant edema often terrnated
in death by shock Early amputation or free excimons and
drainage combined with injections of immune serums were some
times effective in preventing the fatal outcome These expenences
with anacrobic cellulitis and gas gangrene have been confirmed 1n
World War I Qust wrote recently ¢ There 1s no doubt that
if infective necroms of muscle is present the only sure way of
dealing with it is by adequate excision If 1t is localized to one
muscle or muscle group, these may be removed Iif it 18 more
extensive mvolving a segment or more of a hmb, amputation 1
calied for

The use of sulfa drugs locally 1n wounds constitutes a notable
advance {n combating infection as a8 major shock producing factor
The growth of bactena both saphrophytic and pathogenic causes
rapid proteolysis of the substances of damaged tissues The ab
sorption of such products from grossly contaminated wounds
appears to cause more rapid and intense effects than those of
simple autolyms of demaged tissue 1n the ahsence of bactenal
growth  This 13 1llustrated in the milder effects of crush injuries
(sce pp 41 189) ay compared with those of open contaminated
wounds.

Débndement reduces this factor by the removal of devitalized
tissue on which bactena grow rapidly  The treatment of open
wounds with sulphathiazole or with sulphanilamide accomphshes
the same effect and reduces greatly the tendency toward shock
Ttus fs exemplified 1n the report on the trentment of casualities at

16
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Pearl Harbor (Moorhead) and 1s advocated by the Commuttces
on Chemotherapeutics and Other Agents and on Surgery, Division
of Medical Sciences, National Research Counci] 3%s

Summary.~The prevention of absorption 1s of the highest
mmportance 1n the prevention of shock

Débndement of wounds, whether curred n battle or
accidents, lessens the absorption both of products of autolysis
and those of bactenal growth Delay m the treatment of wounds
results i higher mortality both from shock and from infections

The immediate local treatment of burns by coagulation tends to
relieve pain, to prevent absorption, to lessen the local loss of fluid,
to prevent infection and to facilitate healing with a mimimum of
scar formation

Intestinal obstruction by strangulation or by infarction
requires prompt surgical intervention before the effects of absorp-
tion render the case hopeless Gangrene of the appendix or of a
loop of bowel must be excluded by early operation if recovery 1s
to be hoped for

The effects of simple obstruction may be reduced by decom-
pression, this 1s followed by clinical improvement which allows
tume for accurate diagnosis and provides more favorable conditions
for operation

The prevention of absorption from nfected areas has long been
practiced by physicians and surgeons This 1s accomphshed by
dramage of exudates from abscesses, various types of celluhtis,
empyema, and from other forms of local or regional nfections
The toxemua of gas bacaillus infection may be reduced by cxasions
or by amputation

In each of the conditions mentioned, danger of shock 1s incurred
if absorption 1s allowed to continue In each of them, the treat-
ment should be directed toward preventing absorption as well as
toward combating the circulatory deficiency
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HEMOCONCENTRATION

Tue phenomenon of hemoconcentration has been imperfectly
understood. Its occurrence and sigruficance are not discussed
treatises on surgery, symptomatology, diagnoms, nor on hema
tology Hence it seems appropnate to review some of the observa
tions found 1 medical literature This phenomenon should not
be confused with the persisfent ervthrocytoma seen mn chromc
COy powsoning cardiac deficency emphysema, mn those who
dwell in high altitudes and 1z polycythemia vera. Those nterested
m these conditions are referred to reviews by Weber and by Harrop

HEMOCONCENTRATION IN SHOCK

Sherrnngton and Copeman (1893) found the specific gravity of
the blood increased duning the development of experimental shock.
Cobbett (1897) confirmed that finding and noted that this occurred
much earlier than the decline i blood pressure which 1s generally
used as 2 criterion for shock King (1902) noted erythrocytosis
after surgical operations 1n a senes of casea. The red cell count
of one patient, who died mn shock thirty six hours after operation,
ncreased by 2 100,000 cells The merease was less marked n
non fatal cases,

Vale (1904) found that the speaific gravity of the blood increased
in both expenmental and climical cases of shock from various
calses including surgery trauma bums and pentomtis. This
retumed to normal when the ammal or patient recovered He
behieved that the increase resulted from damage to capillary walls
He was the first author to suggest the climcal use of this test for
the recoguition of shock and for its differentiation from hemor

Crile (1909) found the number of erythrocytes increased dunng
shock and decreased after hemorrhage Henderson (1910) noted
the same feature and attributed 1t to the escape of plasma from
the blood into the tissues. Mann (1914) reported an increase 1n
the speafic gravity of the blood of animals in expenmental shock
These findings were confirmed by the Special Committee for the
Study of Shock and Alled Conditions during World War I (see
Chapter VI)  Hemoconcentration was found to be the earliest

(243)
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sign of shock in wounded soldiers and was used practica
detecting the condition and differentiating 1t from hemor

Erlanger and associates noted hemoconcentration regul:
experimental shock mnduced by trauma, by retarding the ¢
tion mechanically or by immjections of adrenalin  Maso
associates produced shock m dogs by the autolysis of live
stance 2 vwe and by njecting extracts of hiver intraven
Increased concentration, decreased plasma volume and d
coagulation of the blood occurred regularly Coonse and
ciates corroborated the finding of hemoconcentration m «
mental shock Seeley, Essex and Mann produced shock 1
in order to study the contributory efiects of anesthesia
recorded hemoconcentration 1n each instance

Von Bergmann emphasized the fact that arculatory .
resulting from histamuine, peptone, products of protein cle:
severe infectious diseases, physical trauma, burns, food por
as with B paratyphosus, influenza, sepsis and varous tc
states, 1s different 1n character from the cffects of hemor
In the former conditions there 1s endothehal damage result
leakage of plasma, decreased blood volume and hemoconcent
as shown by the hemoglobin content and erythrocytic coun
noted that hemorrhage was followed by hemodilution

Scudder became interested 1n hemoconcentration as secn
circulatory collapse produced by cholera Later he demons
hemoconcentration mmcident to mtestinal obstruction, |
mtoxications and 1n surgical or traumatic shock He founc
this appears early, hours before the pressure declines, and t
differentiates shock from the effects of hemorrhage To
reason he urged that observations on the concentration
blood should be used as a gwde to therapy when arcu
deficiency develops from any cause

Walther noted concentration of the blood and loss of p
as characteristics of true shock He observed that hemoconc
tion subsided when recovery from postoperative shock occ
Allen produced shock in rats by obstructing with a rubber
the circulation of a leg  After five or six hours of obstructic
removal of the tourmquet was followed by the developmi
shock. In these experiments Allen used hemoconcentratior
criterion of shock The red cells progressively increased
8 million to 10, 11 or 12 million at death It was noted th:
blood was dark and thick and that clotting was delayed,

Lppinger gave detailed consideration to circulatory co
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developing 1n a wide vanety of chnical conditons They included
tmauma, burns, severe infections, poisoning with vanous drugs
and from food, sunburn, toxic jaundice diabetic coma, urticana
and others  The total volume of blood was decreased 1n all such
cases. He found hemoconcentration 1n all cases of shock regardless
of the condition causing 1t. This was attributed to increased
permeability of the capillary membranes, with resulting leakage
of plasma into the intercellular spaces

Blalock and associates found increased concentration of the
blood dunng shock induced by traume to muscles by bums of
the skin and by intestinal manipulation They attributed 1t to
local leakage of plasma into and about the areas of mnjury Harkans
and Harmon reported expenments on ammels and observations
in human cases 1n which hemoconcentration was noted associated
with shock like circulatory defimency  This occurred efter burns,
freenng, bile peritonitis tissue autolysis 1n v1oo acute pancreatitis,
pulmonary edema intestinal mampulation, mesentenc end portal
obstruction, intestinal strangulation and after the release of an
extremity from a constrichon  They investigated also the shock
like airculatory failure which develops inaadent to acute pentonitis,
expenmentally produced They found the bleeding volume and
the concentration of the blood were like those produced by other
vascular poisons such as hstarmne. Andrews, Harkins Harmon
end Hudson produced shock by subcutaneous injections of bile
in dogs  These developed symptoms of surgical shock, ending 1n
death There was a marked increase 1n the volume of red cells
shown by hematocnit readings in every case

The authors quoted in the preceding paragraph adhere to the
interpretation that local transudation of plasma into the mjured
tissues causes the abnormal concentration of blood This inter
pretation disregards the evidence of capillary alterations n other
areas.  Colloidal dyes are useful indicators of capillary permeabil
ity When trypan blue or & mmilar dye is injected intravenously
duting the development of shock, the stmining of the tissues 13
not hmited to the injured areas but involves visceral regions remote
from the injury  Also durect examunations of the viscera during
orafter shock show capillary dilatation stass, edema and petechie
m the lungs, mucosx, scrose and n parenchymatous organs
These findings ndicate that the permeability of capillanes from
which hemoconcentration results, 18 not limited to the region of
the 1mjury but occurs also in remote visceral areas.

Rose and Browne observed hemoconcentration as a prominent
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clinical feature in shock from surgery, acaidental trauma, intestinal
obstruction, burns, mesenteric thrombosis and 1n acute peritomtis

The use of hemoconcentration as a practical criterion n expen-
mental shock was exemplified in Chapters IX and X Its occur-
rence after burns was cited in Chapter XII  Becky and Smutz,
Simonart, Underhill, ef ol , Harkins, Ewig, Walson, ¢f al . Pacl,,
Dawis, Chnistophe and many others have confirmed the occurrence
of progressive hemoconcentration following extensive burns

MISCELLANEOUS INSTANCES

The relationship of hemoconcentration to capllary pathology
and to disturbed fluid balance was discussed n Part I, Chapters
Iand II So long as the mechanism of flurd balance s functioning
normally, concentration of the blood wrll not occur It was shown
that the various substances which affect endothelium deleteriously,
alter the dynamics of fluud balance and of the circulation, these
effects culminate in the syndrome of shock regardless of the nature
of the agent or condition which damaged the endothelial mem-
branes A few instances of such phenomena will be cited

Hemoconcentration has been noted by several observers in
the group of conditions associated with hypersensitivity to various
proteins  Dean and Webb made observations on changes m the
blood of 33 dogs during anaphylaxis They recorded a nse in
the hemoglobin content and red cells after the njection of horse
serum into sensitized dogs The hemoconcentration seemed 1o
be proportional to the seventy of the symptoms Simonds found
an increased blood concentration and a reduced total blood volume
during anaphylactic shock in dogs  Simular findings were recorded
after injections of peptone

Cantacuzene found that large doses of hemolytic serum (rabbit
hemolysm) caused immediate death when given mtravenously to
rabbits Minute doses (0 03 to 0 1 cc ) caused acute erythrocytosis
ranging from 8,000,000 to 9,000,000 '

Eppinger noted hemoconcentration associated with urticana in
one case The red cell count rose from 4,400,000 to 5,700,000 at
the height of an urticarial cruption Black and Kemp induced
an acute allergic response by mstilling pollen into the nostrils of
a sensitive person  This was accompanied by an mcrease m the
speafic gravity of the blood from 10561 to 10578 Thf:y found
a similar increase in the density of the blood n 18 guinea pigs
during anaphylanis It was stated that the degree of {his mcrease
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was roughly parallel to the intensty of the reaction Meyler
recorded  hemoconcentration dunng anaphylactic shock in 2
patients after mjections of horse serum

Krogh showed that capillaries mey be injured directly by vanous
substances, and Landis showed that any agent or condihon wmjun
ous to capillary endothehium renders 1t abnormally permesble to
plasme.  Solimann stated that irritant or corromve poisons cause
extengve vascular cilatation in visceral areas, and that death
may occur from shock inadent to this effect befere the symptoms
charactenistic of that poison have time to develop Eppinger
included powoning with veronal, mercunc chlonde and other
potsans i his observations on shock. He noted that decreased
blood volume, decreased volume flow, low blood pressure and
hemoconcentration were present in such cases. He attnibuted
these features to endothelia} damage resulting in escape of plasma
mto the tissues, WVith these facts in mind st is pertinent to con
sider instances in which erythrocytoms has resulted from the
effects of poisons.

It is known that acute posoning with phosphorus often ends in
arculatory collapse  Early observers recorded red cell counts
above 8 000,000 n such cases (Tausmg, v Jaksch, Limbeck and
others)  SHbermann reported on polycythemiz in phosphorus
powsoning seen chmcally in Prague  He stated that the acute
effects of phosphorus paisoning melude the development of poly
cythemiz. In 34 acute cases the red cell counts were above
6,000 000 and in 3 cases they were more than & 600,000

Sollmann noted that poisomng with arsemic produces a pro
nounced and persistent fall m blood pressure  He states that this
B8 not due to cardiac failure nor to vasomotor deficency but to
paralyas of the capillanes with resulting loss of blood volume by
transudation of plasma. It 1s recalled that Heubner also Krogh
tist anenic among the “capillary poisons Rogers observed that
arsenial poisorung produced arculatory collapse like that of
cholera, accompamed by marked hemoconcentration  Red cell
counts above 8,000 000 were noted  He recommended this as &
diagnostic sign 1n arsenical posoning  The shock-like features
which sometimes result from the intravenous arsenical medication
are well known  Moore recorded weakness, greyish cyanosis,
ld clammy skin nauses, vomiting and syncope as the chinical
features m such instances  The blood pressure fell alarmingly
wd sometimes was unobtmnable He noted further that the



246 HEMOCONCENTRATION

chnical feature in shock from surgery, accidental trauma, intestinal
obstruction, burns, mesenteric thrombosis and 1n acute peritonitis

The use of hemoconcentration as a practical criterion m expen-
mental shock was exemplfied in Chapters IX and X TIts occur-
rence after burns was cited m Chapter XII Becky and Smitz,
Simonart, Underhill, ef al, Harkins, Ewig, Wilson, ef al, Pacl,,
Dawis, Chnistophe and many others have confirmed the occurrence
of progressive hemoconcentration following extensive burns

MISCELLANEOUS INSTANCES

The relationship of hemoconcentration to capillary pathology
and to disturbed flmd balance was discussed in Part I, Chapters
Tand I So long as the mechanism of flu:d balance 1s funclioning
normally, concentration of the blood will not occur Tt was shown
that the vanous substances which affect endothehum deletenously,
alter the dynamics of fllid balance and of the airculation, these
effects culminate 1 the syndrome of shock regardless of the nature
of the agent or condition which damaged the endothehal mem-
branes A few instances of such phenomena will be cited

Hemoconcentration has been noted by several observers in
the group of conditions associated with hypersensitivity to various
proteins Dean and Webb made observations on changes in the
blood of 33 dogs during anaphylaxis They recorded a nse m
the hemoglobin content and red cells after the injection of horse
serum into sensitized dogs The hemoconcentration seemed {o
be proportional to the seventy of the symptoms Simonds found
an increased blood concentration and a reduced total blood volume
dunng anaphylactic shock in dogs  Simular findings were recorded
after injections of peptone

Cantacuzene found that large doses of hemolytic serum (rabbit
hemolysin) caused immediate death when given mntravenously to
rabbits Minute doses (0 03 to 0 1 cc ) caused acute erythrocytosis
ranging from 8,000,000 to 9,000,000

Eppinger noted hemoconcentration associated with urticaria m
one case The red cell count rose from 4,400,000 to 5,700,000 at
the height of an urticanal eruption Black and Kemp induced
an acute allergic response by mstilling pollen imnto the nostrils of
a sensitive person This was accompanied by an ncrease 1n the
speaific gravity of the blood from 10561 to 10578 T hF}f found
a ssmilar increase n the density of the blood in 18 guinea pigs
during anaphylaxis It was stated that the degree of this increase
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was roughly parallel to the intensity of the reachon. Meyler
recorded hemoconcentration dunng asaphylactic shock in 2
patients after imections of horse serum

Krogh showed that capillanes may be injured directly by varous
substances, and Landis showed that any agent or condition injun
ous to capillary endothelium renders 5t sbnormally permeable to
plasma. Sollmann stated that writant or corromve poisans cause
extenive vascular dilatation in viscera! areas, and that dexth
may occur from shock mncident to this effect before the symptoms
characteristic of that porson have time to develop Eppinger
ncluded posoning with veronal mercunic chlonde and other

mn his obeervations on shock He noted that decreased

blood volume, decreased volume flow low blood pressure and
hemoconcentration were present in such cases  He attributed
these fentures to endothchal damage resulting 1n escape of plasma
into the tissues. With these facts ;o rmind 1t 18 pernent to con
nder instances in which erythrocytosis has resulted from the
effects of poisons

It 1 known that acute poisoning with phosphorus often ends in
arculatory collapse  Early observers recorded red cell counts
above 8000 000 1n such cases (Taussig v Jaksch Lumbeck and
others)  Silbermann reported on polycytherma in phosphorus
posoning seen chnically m Prague. He stated thet the acute
effects of phosphorus posoming nclude the developraent of poly
cythenma. In 34 acute caes the red cell counts were above
6000 000 and 1n 3 cases they were more than 8,000 000

Sollmann noted that pomoming with arsenic produces a pro
rounced and pemsistent fall in blood pressure  He states that this
15 not due to cardiac failure nor to vasomotor deficiency but to
paralysss of the capillaries mith resulting loss of blood volume by
transudation of plasma. 1t 15 recalled that Heubner also hrogh,
lut arsemic among the “capiliary poisons  Rogers observed that
asemeal posoning produced arculatory collapse ke that of
cholera accompanted by marked hemoconcentration Red cell
counts shove 8 000 000 were noted He recommended this as a
diagnostic mgn m arsenical powomng  The shock-like features
which sometimes result from the intravenaus arsenical medhcation
are well known  Moore recorded weakness, grayish c3anasis,
cold clammy skin nausea vommting and syncepc as the chinical
features 1n such instances  The blood pressure fell alarmingly
tnd sometwnes was unobtanable  He noted further that the
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blood volume was reduced and that hemoglobn and erythrocytes
were correspondingly increased, indicating concentration

Injections of bile intravenously, mtraperitoneally or sub-
cutaneously, will result in shock  This 1s accompanied by marked
concentration of the blood (Horall and Carlson, Harkins, ¢ al)
Sodwim glycocholate will produce similar effects (Moon and
Morgan) The venoms of various snakes cause endothelal mjury
and effect the arculation as does histamine Marked hemo-
concentration 1s a feature in such experiments (Kellaway, Essex
and Markowitz, Moon)

Lipsitz reported a case of accidental poisoning with tincture of
cantharides Weak rapid pulse, subnormal temperature, thrst,
vomiting and low blood pressure were prominent chinical features
The red cell count reached 10,430,000 This subsided to normal
as the condition progressed to recovery Cantharns, given by
stomach tube to rabbits, produced ‘“polycythema’ of several
days duration In one instance the erythrocytic count rose {rom
5,560,000 to 9,800,000 Morgulis and Muirhead made further
studies on the effects of canthans on dogs and rabbits, and sub-
stantiated hemoconcentration as one of the features After fatal
poisoning the visceral changes noted were identical 1in kind with
those later described by us as charactenstic of shock

Other poisons such as para-phenylene-diamine produce tissuc
edema and hemoconcentration by increasing endothelhal perme-
abihty (Hanzlik and Tamter) Kilgore recorded occupational dye
poisoning resulting mm subnormal temperature and low blood
pressure but no diarrhea nor vomiting In one such case with
fatal outcome, the count of red cells rose from 4,416,000 to
9,100,000 Hamilton recorded moderate hemoconcentration 1n
several types of occupational poisoning Dawvis noted an increase
of about 20 per cent mn the erythrocytes mn experimental sub-
lethal cobalt poisoning in dogs Eppinger gave allyl formate
intravenously to ammals This produced the charactenstic syn-
drome of shock accompanied by hemoconcentration Edema of
the tissues was demonstrated as in shock produced otherwise

Meyler published chmical observations on shock developing
under vanous conditions of disecase Cases of poisoning from
veronal, mercuric chlonde, arsemc and oxalic acid, presented the
characteristic syndrome of shock accompamed by hemoconcentra-
fion A patient died 1n deep shock after an illness of tw enty-four
hours from paratyphoid B infection The red cell volume was
60 per cent and the plasma volume only 40 per cent by hematocnt,
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the red cell coupt was 9,000000 In another similar case the
count was 8,000,000 Shock accompamed by hemoconcentration
was described also in diabetsc intoxication, m Addison’s disease,
in renal tuberculoss, in acute pancreatihs and in peritomtia,

The wstances cited ndicate that a varled group of chermeals
and drugs possess the property of causing damage to endothelium
This effect causes arculatory defictency which frequently resembles
shock and which 18 accompanied by hemoconcentration

Author's Experisnce —I have had opportumty to compare
hemoconcentration with blood pressure readings 1 & pumber of
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shock type  In each wstance, examination of the blood fore-
cast the development of the shoch several hours to several days
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before the blood pressure dechined notably The course of the
hemoconcentration and blood pressure, in one case, were described
onp 126 A few other instances will be cited

A woman was admitted to the hospital (March 7) suffenng
from colonic obstruction Only two counts of red cells were made,
one three days prior to, and another four days after the operation
(Chart 5) In this instance the concentration of the blood gave
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CHART 6 —The course of blood pressure and hemoconcentration after rectal
resection (time shown by arrow) for caranoma Hemoconcentration of 36 per
cent developed 1n seven hours and indicated impending shock when the blood
pressure was at 1ts highest point  Two transfusions and a sahine mmfusion were
given at times shown by arrows 1, 2 and 3, recovery follow ed

warning of circulatory deficiency four days before the bloosl pres-
sure began 1ts final dechine In another case, rectal rescction for
carcimoma, hemoconcentration of 40 per cent occurred within a
few hours, while the blood pressure was at its highe'st recorded
point (Chart 6) Transfusions of blood and repeated intravenous
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infumon of glucose-saline after the operation and on subsequent
days, were followed by recovery

Curculatory failure mncident to systemic imntoncation was illus-
trated by an nstance of icterus gravis with fatal termnation on
the fifth day of hospitalization The blood count on May 28
was 4490,000 Two days later 1t had nsen to 6240 000—an
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increase of 40 per cent  Dunng this time the blood pressure rose
from 11010 130 mm of mercury T'wo days later the blood pressure

bad declined only to 120 but the decline continued precipitately
ending 10 death (Chart 7)

Hemoconcentration in this instance
preceded the arculatory collapse by two days during which time

the blood pressure gave no ntimation of impending failure of
tompensation
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I have performed or supervised numerous experiments in which
data on the hemoglobin and red cell content of the blood were
obtamned with scrupulous care  The features which bear upon the
significance of hemoconcentration will be summanzed brefly
The expeniments included finely ground normal tissues, such as
muscle, liver, kidney and others introduced mtraperitoneally,
bile and 1ts salts, peptone, bacteral cultures and toxins, histamine,
moccasin and rattlesnake venoms njected intravenously or intra-
pernitoneally, various poisons, emetin, veronal and other bar-
biturates given by mouth or by injection, burns, trauma to
muscles, intestinal manipulation and strangulation, the cffects of
normal horse serum 1n sensitized animals, and the effects of decp
roentgen 1rradiation given over the abdominal region

Such experiments were done on more than 350 dogs, 98 gumea
pigs, 36 cats and on smaller numbers of rabbits, rats and monkeys
Regularly and without exception, the agents and conditions men-
tioned produced hemoconcentration 1n each amimal and species
This appeared early and 1ts degree was proportional to the appar-
ent severity of the accompanying illness However, a considerable
vanation i the degree of concentration was noted in different
ammals of the same species Tor example, some dogs in the
terminal stage of circulatory failure, resulting from the absorption
of muscle substance implanted 1n the abdominal cavity, developed
a concentration of only about 20 per cent In other dogs ssmilarly
treated, the concentration was over 40 per cent No reason for
this individual variation was found

When recovery followed, the blood returned to 1ts normal cor-
puscular composition When death resulted, the postmortem
findings regularly showed evidence of capillary damage 1n visceral
areas This evidence ncluded scrous effusions, dilatation of
capillaries and venules with apparent stasis of blood in them,
ecchymoses and edema 1n various tissues  The edema fluid was
shown to have a high protem content

The evidence summarized from published reports mdicates that
hemoconcentration 1s etiologically related to the mechamsm by
which circulatory failure of the shock type develops in a wide
variety of chmical conditions Most authors attnbuted this
directly to the leakage of flud through endothelum which had heen
rendered abnormally permeable by injury

The experiments and clinical observations which [ have recorded
furmsh direct support and confirmation for the interpretation
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just gven. Landus stated that the development of capllary stass,
seen 1n hiving tissues, 15 the surest sign of endothelial permeability
It may be stated mth equal assurance that hemoconcentration
is the surest and earliest cluucal sign of endotheha! permeability
in sufficent degree or extent to affect the efficiency of the systermic
arculation

A rising curve of concentration 35 as ominons a3 e dechmng curve
of arferial grexrure But in many conditions the former occurs
carly and indicates the developmental stage of arculatory defia
ency while the laller sndicales the failure of compensation and
the immunence of death

It is strange that a phenomenon which 15 80 grave i 1ts wmpart,
50 common n 1ts occurrence and so eamly demonstrated has not
been utilized by physcians in ther chimcal study of patents

TECHNIQUE FOR DETERMINING HEMOCONCENTRATION

Hemoconcentration may be demonstrated easly either by
hematocnt determmnation of the volume of corpuscles, by the
hemoglobm content by erythrocytic counts or by the speafic
gravity of the whole blood It 18 highly deursble to have a
recorded reading, by whichever method 15 employed before the
operation or the state of disease develops which may give nise
to shock.  Othermise the degree of the concentration cannot be
estimated accurately Such readings should be made routinely
befare each major surgical operation  If either hemorrhage or
thock or the effects of anoxia are feared, subsequent reading shoutd
be taken two hours after the operation and at wmtervals of two or
three hours thereafter Observations on the concentration of
the blood should be made as early as possible after burns or severe
eccidental mjunes and at intervals of two or three hours sub-
sequently

Examunations of the blood after operation may lead to erroncous
conclusions if no previous examination s on record  For example,
2 colonic resection was done for the rehef of intestinal obatruction
A blood count on the following day showed 4,600,000 erythrocy tes
which of itaelfl would be regarded as a perfectly normal finding
But rhen comparcd with a count of 3 400 000 before the operation
it showed hemoconcentration of more than 35 per cent This
indicated that the mechanimm of shock was n operation but
compensation was still effective as shown by o rising blood pres-
sure  Later the pressure dechined progresavely accompanled by
the characteristic syndrome of shock with fatal termmation
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The technique for making hematocnit determinations, hemo-
globin estimations and erythrocytic counts needs no discussion
here Readings of specific gravity are quite simple when done by
the method of Hammerschlag This consists 1n mixing chloroform
with erther xylol or benzine i such proportion that the specific
gravity of the mixture ranges between 1 055 and 1 065 as shown
by an ordinary urinometer Blood 1s drawn from a fresh puncture
mto a pipette and a drop of 1t is discharged below the surface of
the mixture to avoid bubbles of air If the drop smks, a small
amount of chloroform 1s added to ncrease the specific gravity of
the mixture, 1f the drop of blood floats, xylol 1s added When the
muxture 1s adjusted so that the drop of blood remains suspended,
neither rnising nor sinking, 1t has the same approximate specific
gravity as the lmd This 1s then determined by a speaific gravity
spindle  Such determinations are sufficiently accurate for ordinary
climcal purposes

An apparatus for determining speafic gravity by the fallng
drop method has been perfected and may be obtamned from dealers
in scientific apparatus The use of this instrument i practiced
hands results in more accurate readings than by the method of
Hammerschlag

Vanations 1n the specific gravity of the blood occur m a much
narrower range than vanations in counts of red cells  For example,
before operation or mjury the speafic gravity may be 1054 and
the red count 4,900,000 When shock has developed, examination
of the blood may show 1 066 speafic gravity and 8,000,000 red
cells In this instance, the vanation 1n the speaific gravity was
only 0012 while that of the red cell count was 3,100,000 The
mmdex which provides the widest range mnimizes the variations
due to techmque

A nise from 5,000,000 to 6,000,000 red cells represents a con-
centration of 20 per cent Such a finding indicates that the total
blood-volume has been reduced about 10 per cent, and the plasma-
volume about 20 per cent A hemoconcentration of 20 per cent
1s omunous, for 1t mndicates that the mechanism of shock 1s n
operation even though no decline mn artenal pressure or oﬁ.lcr
evidence of circulatory deficiency 1s shown Hemoconcentration
of 40 per cent 1s a grave sign and 1s usually accompanied by other
evidences of circulatory disturbante When the systolic pressure
sinks below 70 mm Hg, the hemoconcentration may be anywhere
between 40 and 60 per cent Concentration of 80 per cent has
been recorded frequently in advanced stages of shock



CHAPTER XXl

EARLY RECOGNITION AND DIFFERENTIAL
DIAGNOSIS

Begin the treatment of shock before 1ts onset —Fraziez

FrAZIER'S statement epitomizes his own expenences and those
of other surgeons 1n dealing with this disorder  In few conditions
of disease 13 temporizetion or “watchful waiting more disastrous
than in this  If one awaits the full development of the chmeal
syndrome described on p 24 he will seldom treat a case of shock
successfully  The classical signs as set forth indicate that the
mechanism of compensation has failed or 18 faihng and that the
' cycle of death” 1s revolving inexorably  The progressive ominous
decline n artenal pressure and the accompanying evidences of
arculatory deficency are not mgns of incipient shock they are
signs of departed opportumiy

Treatment to be effective, must precede the self perpetuating
wterplay of disfunctions which culminates in peripherel arculatory
fulure and which presently causes ireversible changes. The
state of the circulation 18 not indicated accurately by the blood
pressure for this may be well maintained or may actually rise
dunng the incipient stage of shock. Wiggers noted a nse in the
artenal pressure dunng the early stage of expenimental shock
Gray and Parsons noted evidences of shock when the blood pres-
sare was at its hughest recorded point and I have corroborated this
observation in several clinical instances as related in the preceding
chapter  Cope observed that a decline n arterial pressure 18 not
an accurate cntenon for 1t 18 possible to have a fully developed
state of shock with a blood pressure that 1s well mantained
Blalock stated ¢ the blood pressure 1s an inadequate guide to the
state of the arculation m mapient shock.

When injury to endothelium occurs, imitiating the sequence of
events which leads to arculatory deficiency there 1s a penod of
tme during which the deficiency 18 compensated by physiologic
reactions. This penod is vanable depending on the rapidity
and extent of the endothelial damage dunng it there 18 @ reduc
tion 1n the blood volume and 10 the volume flow of blood but
adequate artenal pressure 1s mamtained Gradually as the hours
pass, the dispanty between the blood volume and the volume

(238)
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The technique for making hematocnit determinations, hemo-
globin estimations and erythrocytic counts needs no discussion
here  Readings of speaific gravity are quite simple when done by
the method of Hammerschlag  This consists in mining chloroform
with cither xylol or benzine m such proportion that the speafic
gravity of the muxture ranges between 1055 and 1 065 as shown
by an ordinary urmometer Blood is drawn from a fresh puncture
into a pipette and a drop of it is discharged below the surlace of
the mivture to avoid bubbles of air If the drop sinks, a small
amount of chloroform is added to increase the speaific gravity of
the mixture, if the drop of blood floats, xylol 1s added When the
nuxture 1s adjusted so that the drop of blood remans suspended,
neither rising nor sinking, 1t has the same approximate speaific
gravity as the luld  Thus 1s then determined by a specific gravity
spindle  Such determinations are suficiently accurate for ordinary
clinical purposes

An apparatus for deterninming speafic gravity by the falling
drop mcthod has been perfected and may be obtained from dealers
n scientific apparatus  The usc of this instrument in practiced
hands results m more accurate readings than by the method of
Hammerschlag

Vanations 1n the specific gravity of the blood occur m a much
narrower range than vanations in counts of red cells  For example,
before operation or mjury the specific gravity may be 1 054 and
the red count 4,900,000 When shock has developed, examnation
of the blood may show 1066 specific gravity and 8,000,000 red
cells  In this instance, the vanation in the specific gravity was
only 0012 while that of the red cell count was 3,100,000 The
index which provides the widest range numimzes the variations
duc to techmque

A nse from 5,000,000 to 6,000,000 red cells represents a con-
centration of 20 per cent  Such a finding mdicates that the total
blood-volume has been reduced about 10 per cent, and the plasma-
volume about 20 per cent A hemoconcentration of 20 per eent
1s omunous, for 1t indicates that the mecchanism of shoch 15 in
operation even though no decline in arterial pressurce or oi{wr
evidence of crculatory deficiency 1s shown Hcmocqnccntmtmn
of 40 per cent 1s a grave sign and is usually accompamc.d by other
evidences of circulatory disturbante. When the systolic pressure
sinks below 70 mm Hg, the hemoconcentration may be anywhere
between 40 and 60 per cent  Concentration of 80 per cenl has
been recorded frequently in advanced stages of shock
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The technique for making hematocrit determunations, hemo-
globim estimations and erythrocytic counts needs no discussion
here  Readings of speaific gravity are quite simple when done by
the method of Hammerschlag  This consists in mining chloroform
with either xylol or benzme in such proportion that the specific
gravity of the mixture ranges between 10535 and 1 065 as shown
by an ordinary urmnometer Blood 1s drawn from a fresh puncture
mto a pipette and a drop of it 1s discharged below the surface of
the mixture to avoid bubbles of air If the drop sinks, a small
amount of chloroform 1s added to increase the specific gravity of
the miature, if the drop of blood floats, aylol 1s added When the
mixture 1s adjusted so that the drop of blood remains suspended,
neither nsing nor sinking, 1t has the same approvimate speafic
gravity as the fluld  This 1s then determined by a specific gravity
spindle  Such determinations arc sufficiently accurate for ordinary
chnical purposes

An apparatus for determiming specific gravity by the falling
drop method has been perfected and may be obtained from dealers
in scientific apparatus  The use of this instrument in practiced
hands results 1n more accurate readings than by the method of
Hammerschlag

Vanations 1n the speafic gravity of the blood occur in a much
narrower range than variations in counts of red cclls  For example,
before operation or injury the speafic gravity may be 1 054 and
the red count 4,900,000 When shock has developed, examination
of the blood may show 1066 specific gravity and 8,000,000 rud
cells In this instance, the variation n the speafic gravity was
only 0012 while that of the red cell count was 3,100,000 The
index which provides the widest range mimimuzes the variations
due to technique

A nise from 5,000,000 to 6,000,000 red cells represents a con-
centration of 20 per cent Such a finding indicates that the total
blood-volume has been reduced about 10 per cent, and the plasma-
volume about 20 per cent A hemoconcentration of 20 per cent
is ommous, for 1t mdicates that the mechanism of shoch is m
operation even though no decline 1n arterial pressure or oti.wr
evidence of circulatory deficiency 1s shown Hemoconcentration
of 40 per cent 15 a grave sign and is usually accompamed by other
evidences of circulatory disturbante. When the systolic pressurc
sinks helow 70 mm Hg, the hemoconcentration may be any ¢ herc
between 40 and 60 per cent  Concentration of 80 per cent has
been recorded frequently in advanced stages of shock



CHAPTER XXI

EARLY RECOGNITION AND DIFFERENTIAL
DIAGNOSIS

Begin the treatment of shock before s onset — FRAZIER

Frazier’s statement epitomizes his own expenences and those
of other surgeons m dealing with this disorder In few conditions
of disease 18 temporization or “‘watchful waiting ' more disastrous
than n this  If one awwmts the full development of the clinical
syndrome descnbed on p 24, he will seldom treat a case of shock
successfully The classical mgns as set forth indicate that the
mechanism of compensation has failed or 18 feiling and that the
¢ cycle of death” is revolving inexorably The progresaive ominous
dechne in artenal pressure and the accompanying evidences of
arculatory deficiency are not mgns of mapient shock, they are
ngns of departed opportuntty

Treatment to be effective must precede the self perpetusting
interplay of disfunctions which culminates in penpheral arculatory
failure and which presently causes iwreversble changes. The
state of the arculation 18 not indicated accurately by the blood
pressure for this may be well mantained or may actuslly rise
dunng the mapient stage of shock. Wiggers noted a nise in the
arterlal pressure dunng the early stage of experimental shock.
Gray and Parsons noted evidences of shock when the blood pres-
sure was at 1ts snghes! recorded point and I have corroborated this
observation in several chinical instances as related mn the preceding
chapter Cope observed that a dechne in artenal pressure is not
’n accurate critenon for 1t 18 posaible to have a fully developed
state of shock with a blood pressure that 1s well mamntaned
Blalocl stated ‘ the blood pressure 15 an madequate gude to the
state of the circulation 1n inciprent shock.’

When injury to endothelum occurs initiating the sequence of
events which leads to circulatory deficiency, there 18 a period of
tne during which the deficiency 18 compensated by phystologic
reactions. This period 1s vanable depending on the rapidity
and extent of the endothelial damage during it there 1s a reduc
tion in the blood volume and mn the volume flow of blood but
adequate artenel pressure is maintamed Gradually as the hours
pass, the disparity between the blood volume and the volume

(258)
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capacity of the vascular bed ncreases until it 1s no longer com-
pensable  Then the blood pressure sinks progressively and the
chnical signs of shock become unmistakable.

It is highly important to recogmze the fncrprent stage of shock
and to begin 1ts treatment before the mechamsm of compensation
becomes neffective. It 1s essential to know the various conditions
under which shock may be expected to develop, when treating a
casc presenting one of these conditions, the physician must be
alert to recogmze signs of incipient circulatory deficiency  Usually
the state of the blood pressure 1s not a rehable criterion at the ime
when treatment may be most effective

Freeman showed that a decreased volume flow of blood n the
peripheral arteries preceded a dechine 1 the artenal blood pressure
when shoch was developing He recommended this as the earfiest
detectible chimical sign - However, the use of this criterion appears
to present two disadvantages No simple apparatus for determin-
ing artenal volume flow 1s available in physicians’ offices nor in
most hospitals, mihtary or aavil  Peripheral blood flow is reduced
both mn “primary shock,” after hemorrhages and in true sccondary
shock, hence 1t would not serve to differentiate these conditions

Our experiences as summarized i the preceding chapter, mdi-
cate that observations on hemoconcentration arc most uscful as
indicating the mcipient stage of shock  Physicians, internes and
technicians are capable of making hemoglobin readings or counts
of erythrocytes, many institutions have facihties for making
determmations of speaific gravity and of cell volume by hemato-
cnit  The presence of hemoconcentration or hemodilution may be
shown quickly and with sufficient accuracy by either of these
methods A discussion of the differentiation of shock from
“primary shock” and from the effects of hemorrhages follows

INITIAL OR PRIMARY SHOCK

For almost a century this has been recogmzed as a sequel to
burns, visceral perforations and wounds, both trivial and serious
Immediately after injury, the victim often preseats the climcal
signs of shock including profound weakness, pallor, perspiration,
a weak rapid pulse which may be imperceptible at the wrist, ane
a low arterial blood pressure  Psychologic or emotional reactions,
as pam, fnght, gref, the sight of blood or of a mangled wound,
may cause the same reaction  The ongin and nature of thi~
response are essentially the same as of famting or <y ncope
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This arculatory depression 15 usually transtory and not accom
paned by disturbance of fluid balance nor other senous manifesta
tions. When treating an injured person in this state, 1t was the
prachice of early sucgeons to “wmit for the reaction’ because
cperations duning primary shock often led to unfavorable results.
The “reaction” was marked by the disappearance of the mgns
mentioned and by an apparent return of arculatory effiaency
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The occurrence of primary shock and its differentiation from
true or secondary shock become matters of genmne importance
when dealing with battle casualties and traumatic injunes i gen
emt  Groemingen (1885) stressed the importance of dutinguishing
between this condition and delayed shock or ‘wound torpor ,
be emphanzed that the latter seldom develops withun four hours
after the wound was received and was a far more senous condition

These observations were substantiated by military surgeons dur
tog World War I It was noted that primany shock often appeared



258 EARLY RLCOGNITION AND DIFTERENTIAL DIAGNONIS

promptly after severe wounds  This was marked by a precipitate
drop in the blood pressure accompanied by the other mamfesta-
tions described above (see Chart 8)  The fall of the blood pressure
from A to B was usually followed by the rise from B to C, after
which a more graduval dechne from C to D accompanied the
development of secondary or delayed shock In very severe
njuries, as of the abdominal or cramal organs, no intervening rise
occurred and the development of true shock was shown by the
curve B-C!' It is understandable that, if the circulation is
depressed during a period of several hours, anoxia may develop
m such a degree or eatent as to affect endothehal membrancs
deleteriously and thereby to cause the serious type of peripheral
circulatory failure!

Phemister and Livingstone endorse the division of shock nto
two classes* Primary—those cases that develop rapidly and are
brought about by activity of the nervous system. Secondary~
those cases caused by other blood pressure-lowering factors, as
reduction of body fluids, anesthesia, toains, extensive edema and
certain endocrine disturbances ‘““At any stage of the syndrome,
secondary shock may be super-imposed on primary shoch or e
versa ' Psychic effects on the medullary centers, caused by pam
or fear, mjury or operation, may cause a fall in the blood pressure,
bradycardia, pallor and famntness, which are promment items mn
the syndrome of shock. Abdominal injuries or operations, especi-
ally those on the stomach and biliary tract, may cause these
rcactions, probably by stimulation of the autonomic fibers of the
vagus nerve They state that these depressor effects are usually
transient and of minor importance but, if other pressure-lowering
factors are super-imposed, a marked state of sccondary shock
may develop

Cope’s analysis of the subject 1s essentially mn agreament with
that given He stated that primary shock occurs frequently in
abdominal emergencies such as acute pancreatitis, wounds, per-
forations, mesenteric thrombosis, or the sudden strangulation of
a loop of bowel In such instances the sharp pain, incident to
stimulation of the mesenteric and pentoneal nerves, may oate
vasomotor refleses which result in immediate or primary shock
This usually is temporary, followed by a reaction with restoration
of circulatory efficiency; but it may pursist and merge over without
intenval into the grave condition of delaycd or secondary shock.

' The data for Chart 8 were tuken from Mediend T tory of the Great Woar,
Surgr I, p. 73, H M Stationery Office London, 1922
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Blalock has discussed this phenomenon under the heading
Newrogenic Shock  He stated that its onset 15 rapid and that 1t 18
much less serious than secondary shock since the blood volume 13
not essentially affected. “The primary alteration 15 vasodilatation
dependent on dummshed constrictor tone as & result of influences
acting through the nervous system. In other words the dechine
of blood pressure 18 the pnmary arculatory disturbance
Uncomplicated neurogenic alterations in the crculation in patients
are usually of only short duration > He mentioned trauma to the
nervous system, spinal anesthesma, & severe blow to the abdomen
surgical exploration of the pentonenl cavity psychic influences
s syncope or fainting and postural hypotenson as mstances
of 1ts occurrence.

These cbservations are mn agreement with other discussions of
this phenomenon However the designation neurogemsc shock
may cause confusion because trauma or surgical operations
mvelving the brain cerebral hemorrhage and other types of
neurologic leslons sometunes cause frue secondary shock accom
pamed by hemoconcentration and by the visceral changes dis-
tinctive of that conditon  In other words some cases of secondary
shock are newrogenic  To avoid this confuston 1t might be well
to use either the designation smtial shock or primary shock for
this type of circulatory disturbance

Circulatory disturbances resulting from severe burns conform
to the prinaples discussed Imtial or pnmary shock occurs at
once or soon after the acadent, after which the blood pressure
ususlly follows one or the other of the courses represented in
Chart 8 Wilson, McGregor and Stewart noted that changes
the concentration of the blood were slight or absent mn 1mutial
shock while in secondary or delayed shock, the hemoglobin in
creased by from 15 to 150 per cent.

Recent observations (Grant, Florey) on awr raid casualties n
England indicate that some confusion has ansen and that surgeons
m the emergency stations and hospitals had difficulty in evaluating
the condition of victims brought 1n for treatment. Many of these
were scen withm an hour after the bombing they were m a
clinfcal state of shock, yet there was no evidence of sigmficant
hemoconcentration  Among those whose arculation scerned
affected in sinular degrees, as judged by blood pressure, pulse
penpheral temperature and other chimcal signs some responded
readily to warmth fluds by mouth and transfusions of serum
while others were irresponsive, continued in an unfavorable con
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dition and often died  Grant frankly admitted the difficult
encountered in estimating the seriousness of the shock although he
saw and attended numerous cases

The published data do not indicate that examinations of the
blood were made either routinely or frequently. It can be sug-
gested that perhaps valuable experiences during World War 1
had been overlooked  The cases seen within three hours probably
represented initial or pnimary shock excepting those presenting
severe abdominal or cramal mnjuries  Hematocnit readings. hemo-
globin estimations or erythrocytic counts, had they been made at
frequent intervals, might have served to indicate the onset of
delayed shock and to differentiate this from the primary shock
m which no significant blood changes occur

Abnormal capillary permeability scems to be an essential
factor in the mechanism by which true shock develops Primary
shock and syncope appear to be transient vasomotor phenomena
in which no qualitative changes occur mn the capillary walls nor
in the blood. These conditions are not senous as compared with
that in which the minute vessels are both dilated and abnormally
permeable  The chimical differentiation of primary shock should
not be difficult, and the presence or absence of hemoconcentration
should be diagnostic

The full value of hemoconcentration as an index of the condition
of the circulation can only be shown by making examination of the
blood of the injured persons when first seen, and subsequently at
intervals of one, two or three hours thercafter. Lacking such data
jsolated or sporadic examinations of the blood wiil neither evaluate
the patient’s condition nor the significance of hemaoconcentration
as a climcal sign  Opportunitics such as our Bntish colleagues
describe are advantageous for collecting such data.

DIFFERENTIATION BETWEEN SHOCK AND
HEMORRHAGE

The stnulanities and distinctions between shock and the effects
of hemorrhage were set forth sn Chapter IN Chnically the two
conditions resemble one another soclosely that many have regarded
them as identical It 1s highly important to determine winch of
these 15 responsible for the crculatory deficiency i a given case,
Archibald stated  “Hemorrhage has nothing to do with pur
traumatic shock, although 1t may aggravate thnt. CDH(!HN)N It
(hemorrhage) can be recovered sufiiciently casily with blood
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transfusions.”  The fact that the efiects of hemorrhage are far
less grave and far more responsve to treatment than those of
shock, emphanzes the neceamty for accurate differential diagnoms.

Loss of blood by hemorrhage results 1n dilution of the arculating
blood because flud 18 absorbed rapidly from the tissues to com
pensate the lost volume  The degree of the hemodilution tends to
be proportional to the amount of blood lost. Thus after hemor
rthages amounting to 25 per cent of the total blood volume, the
hemoglobin and erythrocytes will be found at about 75 per cent
of ther former levels.

This effect has been known for years yet very few physicians
or authors realize the speed with which 1t 1s accomphshed Adolph
Gerbas and Lepore made determinations of blood volume before
and alter hemorthages 1n dogs of large mze  After hemorrhages
amounting to 35 per cent of the blood volume, the dilution required
about twenty two minutes for approximate completion

Robertson conducted a senies of similar expenments on cats to
determine how scon the blood volume 18 restored after hemor
rhages. He found that the transfer of fluid from the tissues to the
blood occurs wiile the hemorrhage s gowng on  The blood drawn
at the end of a mngle bleeding was more cilute than that at the
start. He stated that the dilution occurs as rapidly as the blood
18 lost except when from 32 to 37 per cent of the blood volume had
been withdrawn  Hemorrhages up to 30 per cent of the total
blood volume were accompanied by & rise m blood pressure  In
some instances, five minutes after severe hemorrhages, the blood
;olszc actually exceeded the onginal blood volume He con

b

*The retum of the blood or plasma volume to normal must
depend on adequate fld reserves in the tissue spaces
1f these flnd reserves are sufficient 1t has been demonstrated by
the above expenments that, after blood loss, the retum of the
blood volume to normal 1s practically immediate.  The contrast
between hemodilution after hemorrhages and the hemoconcentra
tion dunng thock 13 shown disgrammatically in Figure 7, p 100

Simple examinations of the blood will usually differentiate
between arculatory defidency resulting from hemorrhage and
that resulting from shock  In the former the blood 18 below 1n
the latter abore, 1ts normal or previous concentration. It may
happen that the effects of hemorrhage arc combined with the
mechanim of shock. Such o combination 18 indicated by a less
marked change 1 concentration Therefore when arculatory
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deficiency is developing, and yet the blood 1s only moderately
above or below the concentration shown prior to opuration,
there 1s evidence that shock 1s combined with the effects of hemor-
rhage.

Summary —The successful management of shock requires that
the condition be recogmized in its mapiency  This necessitates
knowledge of the vanous circumstances under which it may occur
and alertness to detect 1ts onset A decline n artenal blood
pressure is not dependable as a cnterion of inaipient shock

We have produced shock experimentally in animals by means
of some 20 diffcrent agencies  Thousands—literally —of tests for
hemoconcentration have indicated its usefulness and dependability
as a criterion under expennmental conditions  These, supported
by clinical and experimental data, have established beyond ques-
tion that shock and the effects of uncomplicated hemorrhages
produce changes of opposite character in the concentration of the
blood Hemodilution occurs mmediately after hemorrhages

The responsibility for determimng the value of this test in the
chnical recognition of shock and 1 1its differentiation from primary
shock, must rest upon climcaians and surgeons  They alone have
opportunity for collecting sufficient data upon which to base
dependable conclusions

Vomitus containing brown flechs—*coffee grounds’ —which
contain hemoglobin, 1s a valuable ndicator of impending or
mapient shock. In the absence of nephntis the presence of
ohgura, concentrated unne contamning pigment, albunun, débris
and casts, and a progressive increase in the non-protemn mtrogen
content of the blood strongly suggest the presenee of shoch i a
sublethal degree



CHAPTER XTI

THERAPEUTIC AGENTS IN THE TREATMENT OF
SHOCh

Symptomatc.—Attempts to treat shock “symptomatically’ re
sulted 1n the use of vanous drugs with the intent or hope of
correcting one or another of the prominent chmcal features.
Phydaans long have recognized the dechine in blood pressure
weak rapid pulse and other sgns of faling airculation which
indicate the approach of death 1n many forms of grave disease
Formerly these signs were thought to indicate cardiac ineficiency
Although that interpretation has been disproved many times,
some still seek to secure ‘“‘umproved cardiac action” by the use of
digitalis. Attempts to treat penpheral arculatory failure by such
methods idicate a nalve confidence in the ommpotence of drugs
Surgeons who have had long expenence regard dipitalis as useless
and sometimes dangerous in the treatment of shock

The use of vasoconstnctor drugs such as epinephnn 15 equally
illomeal It should be remembered that the arteries, down to the
finest artenoles are not dilated but are manmally contracted
shock. Inapient circulatorv defiaency from any cause exates
physiologic renctions for compensating 1t.  These include activity
of the sympatho-adrenal system which causes vasoconstriction,
stimulation of cardiac action and the discharge of blood from the
reservorr organs  Moore found adremn mneffective in the treat
ment of experimental shock He attributed this to the fact that,
in shock manmal vasoconstnchon had already occurred, this
could not be increased by the effects of adremn  This conclusion
has been corroborated by others. The use of vasoconstrictors
under these conditions 18 not only uscless it may be harmful
Let 1t be recalled that one expenmental method for producing
shock 18 to gve epinephnn 1n large doses or continuously  Soll
mann stated that the use of epinephnn 1 shock 18 cxsentally
useiess because 1t does not rehieve the chief causative condition—
the loss of capillary tonus  He concluded that the danger exceeds
the possible benefits.

Surgeons and chiruaans rely greatly upon epinephrn in unfavor

le responses to transfusions 1n serum sickness and 1 some
types of urticana  Probably its use n these instances has been

(263)
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justified by beneficial results  When so used, a single physiologic
dose should be given and this should not be repeated withn an
hour If benefit did not result from a single dose, further admin.
stration of cpinephrin is uscless and may be dangerous  Careiul
reading of some reports on deaths from scrum sichness arouses
the misgining that the excessive repeated injections of adrenahn
may have been a factor in causing the fatal outcome  Such large
doses might well cause shock by excessive vasoconstriction in a
healthy person

The principles just outhned do not apply to the use of such an
agent as ncosynephnn to combat the vasodilatation which occurs
during spinal anesthesia  The moderate dechne of blood pressure
incident to spinal anesthesia 1s not due to the same mechamsm as
shock, but it may contribute to the latter Anecsthetists have
found neosynephrin uscful and free from 1l effects when given for
this purposec  The use of morphine to allay pain and to relieve
fright or apprehension 1s of unquestionable value But eficcts
beyond these should be avoided migorously because such effects
reduce the activity of the respiratory center This results in
decreased respirations and i a tendency toward anoua  The
importance of avoiding the latter 1s obvious

Stimulants, —Stimulants such as strychmn or caffein have buen
used by some in attempts to counteract the profound depression
which is a promment chnical feature  However, there is no cvi-
dence that these or other stimulants mfluence the tonus and
permeability of the capillanies or that they mcrease the efliaency
of the failing circulation  The practice of giving warm sweetened
tea or coffec to wounded men, immediately as they are brought
to regmental aid posts or casualty clearing stations, was found
beneficial in World War I, this had been confirmed in the treat-
ment both of air raid casualties and of wounds and burns recerved
in battlc n the present war  Usually the wounded will both take
and retamn such drnks (Brown, Denmson, Ross and Devine);
the effect of these 15 not to combat the shock but to give comfort,
warmth, flud and nounshment which aid i prepanmg the
wounded for operation

Mechanical Aids —Efforts have been made to facthtate mech-
anically the return flow of venous blood from the periphery
Lppinger suggested clastic binders applied to the abdomen avl
sand bag~ apphed to the hmbs Tt is common practicc to clevate
the foot of the bed so that grasity will aid the venous return flow.
The rationale upon which these procedures are hasid is not
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entiredy sound, 1t does not recogmize that the scquestration of
blood in the pemphery occurs not 1n the venous channels but in
the capillanes Stagnation or stams of blood in the visceral
capaliaries 1s not readily affected either by grawity or by external
pressure  Also congestion of blood 1n the pulmonary arculation 1s
& promunent feature in shock, this cannot be benefited readily by
posture or by gravity

Elevating the feet or placing the patient m the Trendelenburg
position favors recovery from syncope, mtial or primary shock
but 1t bas not been shown to be an effective md i peripheral
arculatory failure  Cannon reported that elevating the foot of
the bed ctused little improvement of the condition of soldsers in
shock, though 1t 18 of value 1n syncope or pseudo-shock

Oxygen.—The importance of oxvgen leck 1n any type of circula
tory deficency can scarcely be overemphasized  Physiologists
have recogmuzed this for many years and have indicated several
ways 1 which normal processes are affected by a defient supply
of oxygen One of these 1 the decreased alkaline reserve and
tendency toward acdoms. Not only 1s metaboham lowered and
the functional achivity of all tasues depressed but the lack of
oxygen results in ncomplete oxidation and mn the formatson of
ahnormal catabolic products Defictency of oxvgen impairs the
ability of the cells to maintain normal Jomc concentrations within
the cytoplasm  This results 1n a disturbance of electrolytic balance
between the cells and the extra-cellular flnds. Of paramount
Importance 1s the effect of anaxa upon capillary endothellum  As
discussed n previous chapters, this effect supplies the scli-per
petuating feature which causes the dreulatory definency to
progress 1n the manner of a vidous arcle

In view of these considerations it is not strange that those having
to do wath the practical management of shock recently have
emphauzed the value of oxygen in its prevention and treatment
This prinaple was verified in & senes of expenments (Schnedorf
1nd Orr) in which oxygen was given by imhalation to dogs in
shock. The blood pressure was maintained at a higher level and
the dogs lved longer than thos¢ mmularly treated but without
oxygen  Similarly, dogs given oxygen by inhalation tolerated
more severe hemorrhages than did the controls  These authors
endorse the inhalation of oxygen mn high concentration m the
{reatment of traumatic shock. Wood Mason and Blaloch tested
the effects of axy gen in the treatment of hemorrhage and of expen
mental shock. Therr results confirm the experiences of athers,
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that the mhalation of oxygen in ugh concentration is distinetly
beneficial in the treatment of these conditions.

Boothby, Mayo and Lovelace discussed hoth the physiolog
and the practical aspects of ovygen therapy. They endorsed the
rationale and substantiated ats usclulness in surgical practiee
They stated that in traumatic cases, either mhitary or avil, the
admimstration of 100 per cent oxygen not only combats shock
but aids n preserving the tissues of the injured extremity  Charles
W Mayo stated that 1t was then (1939) his custom to grve ovvgen
by mhalation immediately to all patients who had undergone an
extensive surgical procedure  He found this routine practice of
unquestioned benefit and regarded 1t not as an additional measure
for treatment when shock has developed but rather as a measurc
for prevention

The admimstration of oxygen was facilitated by a mask with
reservoir bag and tubes for connecting the apparatus with the
standard oxygen tank The authors used inhalation of ovygen
in conjunction with the Wangensteen or Miller-Abbott tube for
the decompression of intestinal obstruction In some instances
the mhalation of ovygen alone reduced the distention  The con-
ditions benefited or prevented by carly inhalation of 100 per cent
oaygen were traumatic or surgical shock, abdominal distention
incident to obstruction, and severe acute infections

Scudder found inhalation of ovygen beneficial in the treatment
of shock resulting from trauma, burns, intestinal obstruction and
pancreatitis, also after hemorrhages The uscfulness of osygen
in the treatment of mnjurics wncdent to warfarc is indicated in
a memorandum on the Treatment of Wound Shock 1ssued (1940)
by the Bntish Medical Research Council  They recommenel thal
ovygen mixed with COs, 5 to 7 per cent, be given to those in
whom the development of shock s feared as wdll as to cases
which the circulation already 1s deficient  MceMichael adyocated
the admimstration of oxygen by means of an mhalation mask for
the prevention and treatment of shock among air raud casualties
Shepherd reported obvious and immediate benefit among ~urh
casualtics when given oxygen by means of the BL B mash
This was used as a means for improving the condition of the
wounded, preparatory for operatine proccdures  This prf
as apphed hoth to injunies and to burns, was endorscd (r;ﬁ%b -
i prominent journals ; e

Adrenal Cortical Hormone, - The rationale for the u
substance in the provention of shock, is as sound p])}“‘ BN
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as that for the use of oxygen Lilewse the chimcal results indicate
marked bencfical effects.

The evidence indicating that one function of the adrenal cortical
hormone 18 to control the permeability of endothehum and of
tssue cells, was surnmanzed bnefly in Chapter XVI  Ammals
Iacking this hormone develop a airculatory disturbance having all
the phymologic and biochermical features of shock  When these
anmmals are supphed wth an adequate amount of the cortical
hormone, that syndrome disappears and the arculation and other
funchons return to normal  One fundamental condition m the
dynamics of shock 13 abnormal permeabihty both of endothelium
and of tissue cells  Hence the use of any agent which will aid in
preserving the normal semipermenble quality of these structures
appears bascally sound

Pollak noted that cell permeability and electrolytic imbalance
result from the effects of histarmine narcotics, direct myury to
cells (burns) and oxygen deficency A cardinal function of cortical
hormone 18 sts influence n mantaining the normal state of serm
permeabiity Lack of this may imtiate a vicwous circle leading
to a fatal derangement of metabolsm and of arculation He
regards the use of cortical extract as fundamentally logical and
reports practical corroboration for this in clmical cases

Meaking holds that the admimstration of cortical extract
strikes at the root of the matter by 1ts action 1n correcting abnormal
permeability of endothehum and of cells. Reed reported the
effects of cortical extract n 50 patients undergoing extenmve
gynecologic and general surgical operations of various kinds It
vas his ympression that these patients were defimtely resistant to
thock and that cortical extract combmed with fluds given intra
m’ﬂy was distinctly beneficial in the treatment of postoperative

Selye attnbutes shock, from vanous causes, to relative msuffict
tcy of the adrenals, he believes that adequacy of these and of

cr defensive reachions result 1n a restoration of the disturbed
fanctions to normal He and his associates (263¢%) compared the
tllects of cortical extract (cortin) with those of desoxycorti
Cosleronc acetate! 1n counteracting the effects of shock producing
3gnts in amimals  They found cortin highlv effective i such

! Desweycorticasterons 15 ome of 1
he snbstances secreted by adrenal cortral
o Thiv whstance bas been prepared symthetically and 1 available ox
b’d“’w‘“u’lw acctate. For the sake of brevaty this will be demgnated
sbbreviation doesa.
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that the inhalation of oxygen in high concentration 1s distinctly
beneficial 1n the treatment of these conditions

Boothby, Mayo and Lovelace discussed both the physiolopc
and the practical aspects of oxygen therapy They endorsed the
rationale and substantiated 1its usefulness in surgical practice
They stated that in traumatic cases, either military or avil, the
admimstration of 100 per cent oxygen not only combats shock
but aids 1n preserving the tissues of the injured extrermty Charles
W Mayo stated that it was then (1939) lus custom to give oxygen
by inhalation 1immediately to all patients who had undergone an
extensive surgical procedure He found this routne practice of
unquestioned benefit and regarded it not as an additional measure
for treatment when shock has developed but rather as a measure
for prevention

The administration of oxygen was facilitated by a mask with
reservoir bag and tubes for connecting the apparatus with the
standard oxygen tank The authors used inhalation of oxygen
in conjunction with the Wangensteen or Miller-Abbott tube for
the decompression of intestinal obstruction In some instances
the mmhalation of oxygen alone reduced the distention The con-
ditions benefited or prevented by early inhalation of 100 per cent
oxygen were traumatic or surgical shock, abdomnal distention
mncident to obstruction, and severe acute infections

Scudder found inhalation of oxygen beneficial in the treatment
of shock resulting from trauma, burns, mtestinal obstruction and
pancreatitis, also after hemorrhages The usefulness of ovygen
in the treatment of mjuries mcdent to warfare 1s mndicated m
a memorandum on the Treatment of Wound Shock 1ssued (1940)
by the British Medical Research Council They recommend that
oxygen mixed with CO., 5 to 7 per cent, be given to those n
whom the development of shock 1s feared as well as to cases
which the circulation already 1s deficient McMichael advocated
the administration of oxygen by means of an mhalation mask for
the prevention and treatment of shock among air raxd casualties
Shepherd reported obvious and immediate benefit among such
casualties when given oxygen by means of the BL B mask
This was used as a means for improving the condition of the
wounded, preparatory for operative procedures This practice
as apphed both to mnjuries and to burns, was endorsed editorially
in promiment journals

Adrenal Cortical Hormone.—The rationale for the usc of this
substance 1n the prevention of shock, 15 as sound physnologwﬂ”}’
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us that for the use of oxygen Likewse the chinical results indicate
marked benefiaal effects.

The evidence indicating that one function of the adrenal cortical
hormone 1s to control the permeability of endothehum and of
tissue cells, was summanzed bnefly in Chapter XVI  Ammals
Iacking this hormone develop & arculatory disturbance having all
the physologic and blochemcal features of shock  When these
animals are supphed with en adequate amount of the cortical
hormone that syndrome disappears and the arculation and other
functions return to normal One fundamental condition mn the
dynamics of shock is abnormal permenbility both of endothelium
and of tissue cells. Hence the use of any agent which will mid in
preserving the normal semipermeable quahity of these structures
appears basically sound

Pollak noted that cell permeability and electrolytic imbalance
result from the effects of histamine, narcotics direct mjury to
cells (burns) and oxygen defiaency A cardinal function of cortical
hormone 1 1ts influence 1n mammtaimng the normal state of serm
permeability  Lack of this may imtate & viaous arcle leading
to & fatal derangement of metaboham and of arculation He
regards the use of cortical extract as fundamentally logical and
reports practical corroboration for this in chmeal cases.

Meakins holds that the admmstration of cortical extract
strikes at the root of the matter by 1ts action 1n correcting abnormal
permeability of endothehum and of cells Reed reported the
effects of cortical extract in 50 patients undergoing extensmve
gynecologic and general surgical operations of vanous kinds. It
was his impression that these patients were definitely remstant to
thock and that cortical extract combined with fluds given intra
:‘henausly was distinctly benefiaal in the treatment of postoperative

ock

Selye attributes shock, from vanous causes te relative msuffia
ency of the adrenals he believes that adequacy of these and of
other defenuve reactions result i a restoration of the disturbed
functions to normal  He and his associates (263*) compared the
effects of cortical extract (cortin) with those of desaxycorti
costerone acetate! in counteracting the effects of shock producing
agents in animals  They found cortin highly effechive 1n such

! Desoxvearticosierome ts oue of the substances secreted by adrenal cortienl
et Thu substance has been prepared synthetioally and i3 available a«
desoxycorticosterone acetate  For the sake of brevity this will be dewgnated
by the abbrevation d.c.r.a
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experiments but that dcsa was meflective even in large doses
They beheve that some substances other thand cs a 1s responsible
for the efficacy of adrenal cortical hormone 1n mamntaimng aircula-
tory efficiency On the other hand, Fine and his collaborators
reported that d csa. tended to prevent the decrease in plasma
volume which results from 1ntestinal obstruction n dogs

Besser, on the other hand, did not observe sigmificant benefit
from the use of d c.sa prelmunary to operation m a large senes
of cases The drug was given m a dosage of 5 to 10 mg intra-
muscularly at periods of twelve, six and four hours before the
operation The mcidence of shock m this group was only shghtly
lower than 1n a control group in which no d csa was used

Wolfram and Zwemer found that cortin increased the resistance
of adrenalectomzed guinea pigs to anaphylactic shock. Dragstedt,
Mills and Mead tested the effects of adrenal cortical extract upon
dogs with intact adrenal glands They found that the prior
adminmstration of cortical hormone did not prevent anaphylactic
shock but it tended to dimimsh the severity of the reaction
Swingle and associates tested the action of cortical extract as
modifying the effects of trauma, intestinal mampulation and other
shock-producing agents upon adrenalectomized dogs. They
reported that arculatory failure did not develop 1f the adrenalec-
tormzed dogs were primed with large doses of cortical extract
before shock-inducing procedures were begun  They concluded
“the evidence would indicate a fundamental réole of the adrenal
cortical hormone in the maintenance of the integrity of some part
of the peripheral vascular apparatus ”

Waeil, Rose and Browne observed the effects of cortin plus
dcsa as compared with d csa alone m the treatment of experi-
mental traumatic shock They reported significant differences
between those treated with d csa combmned with cortin and
the untreated controls The results in ammals treated withdcsa
alone were not significantly different from those receiving no
treatment

Perla and his associates observed the effects of cortin, dcsa
and of saline solution, separately and m combination, upon hista-
mine shock 1n mice and rats  The combmnation of saline and cortin
was more benefiaial than either alone  Simlar results followed
dcsa n combination with saline solution, while d csa alonc
had only slight protective effect

They reported on the results of sahine solution and desa mn
the preparation of patients for severe surgical procedures  They
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stated that these were strikingly benefited in each instance, there
was no evidence of shock, the blood pressure was well maintained
snd was even shightly elevated in some cases, the postoperative
exhaustion and toxemia were reduced, complications did not
occur and the recovery was more rapid as compared with surgical
ences in mmilar cases without the preparatory treatment

Scudder pubhshed detmled particulars concerming the treat
ment of some 27 cases of shock from vanous causes mcluding
traumatic, postoperative, burns, pancreatitis, intestinal obstruc
tion and the effects of hemorrhage. He used cortin plus sahine
wlution (S per cent) routinely n these cases. Several of them
recaved oxygen by wnhalation also  The resuits as shown by
the chmeal data were ghly satisfactory Scudder conmders this
mode of treatment distinctly supenor to the methods previously
used.

Shock Caused by Burns.—The systemic effects of extensive
cutaneous burms do not differ in any important particular from
those of severe traumatic injury  Each may be followed immed:
ately by imtial or pseudo-shock, and subscquently by penpheral
arculatory failure, 1 ¢, delayed or secondary shock in charactenstic
form

The local treatment for burns was discussed n a previous
chapter (p 238) The syatemic treatment 1s hased upon the same
mationale as that for shock from trauma or from other causes
The importance of systemic treatment 1s emphamzed n the
observations of Pack and Davis that it 1s ‘penny wise and pound
foolish to consume invaluable time 1 applying perfect local
dresings while the patient 1s sinking into irrecoverable shock ’
The management of burns has been presented mn excellent fashion
by McClure and by Harkins (175%)

Morphine is given guardedly but in sufficient amount to relieve
pun. The tendency of this and of other sedatives to impair
axygenation must be borne in mind

The inhalation of oxygen 13 based upon the same considerations
83 set forth above  Harkins states that it is of great value in 2ll
senous cases.  If oxygen 1s to be given it should not be delaved
for its efficacy 1n preventing the development of shock will be far
greater than in restonng arculatory efficiency when deficency
has become evident.

The effects of adrenal cortical hormone have been tested more
oiten in the prevention of shock following burms than n other
couditions  Wilson had the benefit of extensive expenence in the
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treatment of burns prior to the advent of hormonal therapy 1l
and his associates published (1936) the recovery of 3 cases of such
severity that a fatal outcome by any other trcatment seemed
mevitable F A Hartman reported the recovery under cortm
therapy, of a child burned over about 30 per cent of the shin
surface  Subsequently Wilson and Stewart reported on a series
of 41 burned patients, m 10 of whom the injury was extensive
The treatment mcluded intravenous infusions with and without
dcsa The results indicated that the drug had a remarkably
prompt and effective action in correcting the abnormal chemical
features of the blood Also there was beneficial action on the
arculatory failure provided that the failure was not already pro-
found They reported beneficial efiects from dcsa 1 cases of
intestinal obstruction also, but no effects were scen n airculatory
failure resulting from infections

Several recent reports have indicated that extensive cutancous
burns are an 1mportant type of battle casualty In the reports
of Atkins, also of Brown and his associates, the wounded who were
cvacuated from Dunkerque in June, 1940, included many who
had been burned seriously Brown and associates trcated 20
extensive second and third degree burns among 500 wounded
evacuees They reported that dcsa was followed by more
striking improvement than that seen after treatment with cortical
extract The dosage was 10 mg every four hours

Rhoads, Wolff and Lee reported details of the chinical manage-
ment of 26 extensive burns Al recerved the usual local treatment
and were placed under a thermoregulated “cradle”, the blood
volume was restored by plasma infustons as discussed in the neat
chapter Seven of the cases were given adrenal cortical eatract
(eschatin) within a few hours after the burn  This was given m
doses of 5 to 10 cc every six hours to adults and in relatively the
same dosage to children They statc that these cases required
less plasma to counteract the hemoconcentration than was required
by other cases, also the circulation returned to normal m a shorter
time .

They concluded that cortical extract 1s of value in correcting
the flmd shift after severe burns, that 1t appears to act by reducing
the permeabihity of capillaries but that 1t 1s of no value in restoring
the circulation unless an adequate volume of plasma 1s mtroduced
at the same time They recommended cortical estract m the
treatment of extensive burns for the following purposes  To
reduce the amount of plasma required t he arculation

¥

N
o «

e



SUMMARY 271

to normal, to reduce the loss of plasma by leakage into the tissue
spaces, and to shorten the penod when stagnant anona 1s mam
fested
—A cdtical examination of reports on the treatment

of shock indicates that few therapeutic agents, prescribed ‘ symp-
tomatically”’, have proved benefiwal  This generalization applies
to epinephnne, digitalis and to stimulants in general  The effects
of these agents may even be detrimental

Morphune or other narcotics should be given only in sufficent
amount to secure quiet and freedom from pain  Beyond this
pont parcocls 15 contraindicated

It 18 not surpnmng that the therapeutic means which have
proved useful both n prevention and in trestment are agents
which counteract one or another of the major 1tems in the dvnamics
by which shock progresses.  Most important among these agents
are oxygen, adrenal cortical extract and the restoration of Jost
blood volume

Lack of oxygen 13 a lughly important item 1n the mechanism
of shock. The inhalation of oxygen aids matenally in maintaiming
adequate circulation and 1n preventing serious cellular and meta
bolic abnormahties It likewise tends to interrupt the operation
of the vidous crcle even after shock has been imtiated

One function of adrenal cortical hormone 13 to mamtmin the
normal mpermeability of endothehum and of cells. There 1s
sgnificant evidence, both expenmental and climeal, that adrenal
cortical hormone 15 highly benefimal 1n the prevention and 1n the
treatment of shoch  Whether the synthetic product, desoxy corti
costerone will prove to be as cffective as cortical extract containing
other active substances, remams to be determined

One item of highest importance m the mechanism of shock, 13
the decreased volume of arculating blood The restoration of
this by grving plasma serum and other fluds intravenously 1s

mn the following chapter



CHAPTER XXIII

TRANSFUSIONS AND BLOOD SUBSTITUTES IN THE
TREATMENT OF SHOCK

THE RATIONALE OF FLUID REPLACEMENT

D1vERGENT views concermng the pathogenesis of shock arc
expressed by many wnters, but all agree that a marked decrease
n the total blood volume 1s one of 1ts outstanding features This
decrease 15 due m part to loss of blood or plasma at the site of
operation or of trauma, to local loss of plasma in burned arcas,
and 1n part to extensive leakage of plasma in systemic areas as a
result of increased capillary permeability The depletion of blood
volume may be augmented by vomuting, diarrhea or by perspira-
tion There 1s agreement also concerning the principles upon
which therapeutic measures are based Regardless of the route
by which the loss occurred, the immed:ate problem 1s to counteract
it by the most effective means available Fluid must be supplied
to replace that which was lost

The disturbance of flmd balance which accompanies shock,
markedly retards the absorption of fluid given by the oral, rectal
or subcutaneous routes Hence the administration of fluid by
those routes 1s uncertain or meffective  This fact makes it impera-
tive that the flud be introduced directly into the blood stream,
cither intravenously or by injection #za the bone marrow

In general, the more closely the fluid supphed resembles that
which was lost, the more cffective will be the replacement  Thus
after severe hemorrhages, a transfusion of whole blood 1s a logical
means for replacing the loss It should be given m adequate
amount and as carly as possible after the hemorrhage occurs  In,
cases of shock without sigmficant hemorrhage, plasma or serum 1s
the ideal substance for replacement therapy

The tendency of shock fo progress was noted in carly times, was
emphasized by nvestigators dunng World War I and has been
verified by subsequent experiences  The cause for this tendency
was shown 1n Part I, its mechamsm consists 1n the interplay of
factors shown in the Vicious Circle (p 208) Treatment to be
cficctive, must be admmstered carly before a progresstve decline
in the blood pressure indicates farlure of compensation Low
artenal pressure 1s not a sign of incipient shock but of decompensa-

(272)
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tron ‘The penod dunng which compensation 1s adequate does
not last indefimtely the time wiil be short unhl progresaive
endothelial relaxation leads to stams, anoma and to ureversible
changes  After mjury, the first six are the ‘golden hours during
which measures for prevention and treatment are most beneficial
The effectiveness of these measures will vary inverscly with the
duration and the degree of shock.

The rationale of treatment may be summanred as follows
(¢) A prompt differentiation between primary shock lemorrhage
and secondary or delayed shock Primary shock requires only
restorative and supportive measures  (b) Immediate treatment
for preventmg the progression of shock and for replacing the flud
lost whether by hemorrhage or otherwse (¢) The continued use
of appropriate flnds 1 sufficient quantity to mamntam adequate
blood pressure and arculatory effiaency

TRANSFUSION OF WHOLE BLOOD

The purposes and technique for giving whole blood by trans-
fusion are too well known to requure discussion here  Onc condi
tion 1n which this measure has been used cffectively 1s that result
ing from extenmve hemorthages Frequently this 1s assocated
with varylng degrees of traumatic njury, hence the mechamsm
of shock 1s often combmed with or aggravated by the loss of
varying amounts of blood This combination 1s usually present
in shock from wounds, acadental injunies or following extensive
surgical procedures It then becomes a clinieal problem to deter
mine the relative importance of hemorrhage as a factor 1n the
patient s condition  An examination of the blood by hemoglobin
cstimation red cell count, specific gravity determmnation or by
bematoernt will give an approximate evaluation sufficiently
accurate for chinical purposes. It 1s highly important that this be
done immediately because the mode of treatment and the amounts
of blood or fluid required are determmed largely by the results of
such examinations. Also the subsequent requirements of the
case are estimated by the same method  Recent reports (Rhoads
¢ al Harkins Ellinton ¢ af Black and others) on climcal
expenences with shock from trauma, burns and from other causes
give formule for determining the dosage of fluds required n such
conditions these formulee are based upon hematologic examina

It 18 important to examune the blood early and atntervals
thercafter ‘as o guide to therapy
13
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It 1s well known that the condition of an otherwise healthy
person does not become critical from hemorrhages until the red
cells have been reduced to about one-third of the normal This
statement applies to slow or successive hemorrhages, not (o the
sudden loss of a large volume of blood Certamly blood with a
hemoglobin reading of 40 per cent can carry sufficient oxygen to
maintain physiologic processes Hence 1f the red cells and hemo-
globin have been reduced below 50 per cent, transfusions of whole
blood represent the method of choice for raising the blood volume
and mamtaming adequate circulation

When the loss of erythrocytes by hemorrhage has not been
excessive, plasma protein deficiency 1s the factor of major impor-
tance The physiologic mechamsm for compensating loss of
blood 15 a rapid shift of flnd from the cells and tissue spaces mio
the vascular system This fluid contains clectrolytes in the same
concentration as the blood, but 1ts protemn content 1s low, hypo-
protemema 1s the result Hence plasma protein supphed arti-
ficially restores the fluid of the blood to 1ts normal composition
and hastens recovery

Numerous experimental and chinical observations mdicate that,
unless there has been excessive loss of erythrocytes, the intro-
duction of plasma or serum counteracts the effects of hemorrhages
as effectively as transfusion of whole blood Levinson, Neuwell
and Necheles made an experimental study of this by comparnng
the effects of saline mnfusions, of serum mfusions and of blood by
transfusion after eatensive hemorrhages in dogs The results
showed that saline infusions were inferior but that serum nfusions
were equally eflective as transfusions except when the erythrocytes
had been reduced below the approvimate hmits mentioned  This
observation was confirmed by the use of serum after hemorrhages
in chnical cases Buttle, Kekwich and Swaitzer made similar
cxperiments on cats which had been bled 50 per cent of thcfr total
blood volume It was found that plasma was as efficacious as
whole blood in restoring the ammals to normal conditions  They
state that after hemorrhage of ths degree, the replacement of
red cells plays no vital part in the treatment  Elhott, Tatum and
Bushy corroborated these findings and they have been confirmed
by Amberson, Lee, Mudd, Flosdorf, Hll and others A bullctin
1ssued by the Subcommittec on Shock, National Rescarch Counail,
states “that blood plasma is approuimately as effective as whole
blood m the treatment of hemorrhage ” ‘

The agreement appears to be general that the intravenous
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adminstration of saline solution aids 1n the recovery from slight
or moderate hemorrhages, that infusions of plasma or serum are
highly effective 1n restonng the blood volume and plasme proteins
after severe hemorrhages and that transfusions of whole blood
are needed only when the hemoglobin content and erythrocytes
are below 40 or 50 per cent of the normal

The institution of bleod banks in medical centers and hospitals
has fachtated greatly the use of transfusons for all purposes
Donor's blood 1 drawn aseptically mnto closed flasks contaiming
enough sodium aitrate solution to prevent clotting  The blood 18
then typed tested for steribity and for Wassermann and Kahn
reactions and 1s stored in refnigeration until needed  Frequently
several amall hospatals collaborate to mantan a blood bank
one of them, thus serving the needs for transfusion 1 & aty or
large area of population A major advantage provided by blood
banks 1s the saving of time in finding & compatible donor  Another
18 the relatively simpler procedure of giving blood from a flask as
compared with transfusion by the direct method from donor to
reciprent.  ‘The [atter method requires an expenenced operator
the former 1s not beyond the capaaty of an interne  Concerning
the usefulness and safety of citrated blood, 1t 1s stated by men of
wide expenience that transfusions by the direct method have no
advantages whatsoever over those in which atrated blood 18 used

One disadvantage of the blood bank 1s the fact that erythrocytes
develop abnormal fragihity and presently undergo hemolysis when
stored 1n refngeration for a relatively short time  This makes the
blood unsatisfactory for use 1f not unsafe While some authonties
use blood which has been stored for several weeks others regard
1t as unsitable after five days (Strumia) or seven days (Whte)
Formerly this mtuation caused large amounts of stored blood to
be discarded now in many istitutions the supcrnatant plasma s
drawn off from the out-dated blood and 1s preserved and used as
described in & subsequent section  Failure to make use of this
hie-saving material 18 & culpable waste

Transfusions in the Treatment of Shock.—Efforts to treat
shock by vanous means duning the previous world war provided
» foundation of experience upon which subsequent developments
have been based  Saline and collowdal solutions as well as trans-
fusions were tned extenmvely It was found (Drummond and
Taylor keith) that transfumon of blood produced marked benefit
n cases of uncomphicated hemorrhage ~that 1t produced fairy
satisfactory results in hemorthage combmed with a moderate
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degree of shock. but that cases of fully developed shock were not
benefited by transfusions nor by any other mode of treatment

These observations have been confirmed by McDowall, also
by Taylor (3894) in the treatment of experimental shock by trans-
fusion This principle is widely accepted by those who are familiar
with the mechamism of shock Some mvestigators (Freeman,
Blalock) even used an unfavorable response to transfusion as a
criferion of shock, if ammals with impaired arculation and low
blood pressure recovered when transfused, shock was regarded as
absent, 1f the circulatory deficiency progressed fatally m spite of
transfusions, the ammal was 1in shock There may be objections
to this as a criterion, but the mstance illustrates the ineficctiveness
of transfusions 1in counteracting a serious degree of sccondary
shock

When shock 1s not complicated by serious hemorrhage, trans-
fusion of whole blood 1s not a logical measure There is no lack
of red cells, on the contrary often there 1s marked hemoconcentra-
tion The addition of more erythrocytes will not relicve the
viscosity of the blood but will increase the tendency toward stasis
A transfusion may be detrimental rather than benefical The
increased volume of concentrated blood throws an added stram
upon the myocardium which may already be weahened by insuf-
ficient oxygen TFlwd 1s urgently nceded to restore the blood
volume, to reduce the concentration and wviscosity of the blood,
to prevent or relieve stasis, and to interrupt the operation of the
vicious caircle  The use of flnds 1s discussed 1n subsequent scctions

SUBSTITUTES FOR BLOOD, PLASMA AND SERUM

Physiologic studies have indicated that the physical rather
than the biologic propertics of fluids determine their uscfulness
in the treatment of hemorrhage or shock  This view has led to
eatended scarch for some organic substance suitable for use as a
replacement fluid  Taylor and Water have outlined the speaifica-
tions required of a flmd for the purposes mentioned  (a) Its
molecular size when dissolved, must be such that 1t will not escape
freely from the vessels (b) Tts viscosity and osmotic pressure
must approach closcly those of the blood (¢} Tt should be almest
1sotomc with the contents of the erythrocytes (d) Tt must be
nonantigenic and perfectly mnnocuous  The substance should bt
readily available and be capable of quich and easy preparation
for intravenous administration "To these requirements, we would
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add that the substance should be capable of stenlization trans-
portation and storage without detenoration, and that tnal under
cxpenmentsl and chimcal conditions should show benefit com
parsble to that resulting from transfusions with homologous
plasma or scrum

Ssline and Glucose Solutions —Dunng the previous war,
physlologic and hypertonic solutions of sodium chionde alone and
combined wth glucose were gven intravenously to counteract
shock 1n wounded soldiers but with uniformly disappointing resuits
A temporary increase 1n blood pressure and in the drculation
resuited followed regularly by progressive defimency of the
arculation  These results have been venfied without exception
in the expenmental treatment of shock in amumals  Noncolloidal
flwd leaks out through permesble capiliary walls ‘ almost as fast
as injected (Mann) Such treatment 13 not only useless it 1s
posttively harmful  As the sahne solution passes into the tissues
it takes much of the plasma protein with 1t This depletes the
plasma eggravates the hypoproteinerma and augments the edema.

In many surgioal clinies, it 1o standard practice to give an
infusion of glucose saline solution either before durng or immedi
ately after cxtensive surgical operations which may result 1n shock
1t 18 not possible to evaluate the actual benefits of this procedure
climically because test and-control conditions cannot be provided
1f the tissues are dehydrated or the blood sugar depleted the logic
of the procedure would be unquestionable But if the operator
believes he 18 able to modufy osmotic forces preserve fluid equilib
num or mamtain normal endothel al function by mtroducing
either 1sotome or hypertonic solutions of salt and glucose he
should be disdlusioned  Physiologists have presented defimite
cvidence that diffusble substances such as glucose and sodinm
chlonde pass readily through the endothelium promptly equaliz
ng the concentration of them m the blood and In the tissues.
Also that the excess of NaCl and of water in the system, is
excreted rapidly tra the kidneys and that the excess glucose 18
stored as glycogen in the liver and elsewhere However the pro-
cedure {s not open to censure on the ground that it {s detnmental

Acacla.—~The Committee on Wound Shock and Hemorrhage
worked {ntenmvely on methods for treating these conditions
dunng the previous World War  Bayhss a member of this Com
mittee investigated the physical and chemical properties of
several colladal substances which mmght be more effective than
saline golutions  He found that & stenle solution of gum acaca
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in physiologic salinc was well tolerated when given intravenously
and that the effects were often beneficial Subsequently this
method was used extensively in the treatment of wounded men
The results were superior to those of glucose and salne solutions
i replacing blood loss from hemorrhage but hitle or no benelit
was scen 1n cases of severe shock  Since that time acacia solution
has been used with varying results  Severe tonic reactions were
reported by some while others observed no untoward effects
Impurnties 1in the product used and maccurately buffered solutions
were assigned as probable causces for the reactions A serious objec-
tion to the use of acacia 1s the fact that 1t 1s not readily elimnated
from the system Extensive deposits of it occur m the hver and
clsewhere If large amounts have been introduced, these may
affect detimentally the function of the hver and of other tissucs

Pectin —Recently Hartman, Schelling, Harkins and Brush
mvestigated the properties of pectin solution as a replacement
fluid in the treatment of hemorrhage and of shock Pectin s a
collordal carbohydrate of gh molecular weight and comples
composition, obtamned from atrus fruits  They state that n
solution 1 to 200 (0 5 per cent), 1t has about the same wiscosity
and osmotic pressure as whole blood Tts physical properties are
unchanged after sterihzation by steam under pressure They
found that pectin 1s non-toxic, non-antigenic, that 1t causes no
untoward cffects when given ntravenously and that it 1s not
retamned 1n the tissues but 1s excreted readily, most of the amount
injected was excreted in the urine within seventy-two hours A
prompt and sustained improvement of the circulation followed the
mjection of 1 per cent pectin solution after hemorrhages, an
increase 1n blood pressure and decrease m hemoconcentration fol-
lowed 1ts use 1n shock due to bile peritomtis in ammals  Favorable
results followed 1ts use 1n several patients in whom shoch was
ymminent. !

Hartman and Harkins have just reported details concerning
the use of pectin after surgical operations, accidental injuries and
m nuscellancous conditions mn which shock was feared  Thar
data are derived from more than 123 chmeal cases  There were
no abnormal nor untoward rcactions and the blvod pressure
was mamtained at satisfactory levels  The inereased bload
volume resulting from the mfusion, did not subside rapdly as
compared with cases in which glucose-saline solution was given
They state that pectin solution has been substituted for glucose-
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aline solution as a routine preventive measure after extenmve
operations 1n their surgical service

Gelatin —Gelatin has several of the properties required of a
fluid to be swtable for transfumons Hogan (1915) dexrnbed
accurately the advantages of collowdal over saline solutions for
intravenous use. He gave detailed instructions for the preparation
and stenlization of punfied gelatin 1n a 4 per cent solution This
was used with good results and with no unfavorable mamfestations
m 9 cases of shock from vanous causes Bayhss (1917) found
that a 6 per cent solution of gelatin has approxmately the same
visceaity and colloldal csmotic pressure as those of bleod plasma
Also it has very low antigenic properties ammals treated with 1t
do not become senmtive to subsequent injections However 1t 1s
dificult to stenhze gelatin by heat wathout reducing markedly
its viscoslty and 1ts osmotic pressure  Also unless heated it has
the property of jelling which renders the solution unsuitable for
mjection  If these disadvantages could be obwviated a properly
punified gelatin might be a satisfactory replacement flmd for use
in shock and after hemorrhages

Isinglans. —This substance 18 & form of gelatin obtawmed from
the swim bladder of several kunds of fish Tt 15 avamlable as an
article of commerce Taylor and Water investigated the properties
of punfied 1mnglass and found that the colloidal osmotic pressure
of a 7 per cent rolution was closely simlar to that of human plasma.
Also it fulfilled the other speafications required of a flud for
transfusion purposes In tests on ammals, it was found that a
T per cent solution given intravenously restored the blood pressure
and dreulatory efficency after hemorrhages which were fatal
the untreated ammals

More recently Taylor reported on chnical results from the use
of runglaxs 1n more than 40 patients, The amount usually given
at one injection was 500 cc of a 4 per cent solution A sustained
increase in both artenal pressure and 1 blood volume regulerly
followed In ome instance 1500 cc were gven with excellent
effect to a patient in traumatic shock  No unfavorable reactions
occurred n any case  These results are the most mgmficant that
have been reported on the use of a gelatin for the purposes men
toned  Further developments will be awaited with interest.

Hemoglobin Ringer Solution,—Sellard and Minot 1nvestigated
the use of hemoglobin dissolved 1 Ringer s solution as an agent
for the rclief of anema It was found that the ox gen-carrying
capacity of this compared favorably with that of erythrocytes
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in physiologic saline was well tolerated when given intravenouslty
and that the effects were often beneficial =~ Subsequently this
method was used catensively in the treatment of wounded men
The results were supenior to those of glucose and saline solutions
in replacing blood loss from hemorrhage but httle or no benefit
was seen 1n cases of severe shock  Smce that time acacia solution
has been used with varving results  Severe toxic reactions were
reported by some while others observed no untoward effects
Impurities in the product used and mmaccurately buffered solutions
were assigned as probable causcs for the reactions A serious objec-
tion to the use of acaca 1s the fact that 1t is not readily elimmated
from the system Extenstve deposits of 1t occur in the liver and
clscwhere  If large amounts have been introduced, these may
affect detnimentally the function of the hver and of other tissucs,

Pectin.—Recently Hartman, Schelling, Harkins and Brush
investigated the properties of pectin solution as a replacement
flud 1 the treatment of hemorrhage and of shock Pectin 1s a
colloidal carbohydrate of lmgh molecular weight and complex
composition, obtained from atrus fruits They state that in
solution 1 to 200 (0 5 per cent), 1t has about the same viscosity
and osmotic pressure as whole blood  Its physical propertics are
unchanged after stemhzation by steam under pressure They
found that pectin 1s non-tosic, non-antigenic, that 1t causes no
untoward effects when given intravenously and that it 1s not
retamed 1n the tissues but 1s excreted readily, most of the amount
mjected was excreted i the urine within seventy-two hours A
prompt and sustained improvement of the airculation followed the
injection of 1 per cent pectin solution after hemorrhages, an
increase m blood pressure and decrease in hemoconcentration fol-
lowed 1ts use mn shock due to bile peritonitis in ammals  Favorable
results followed its use m several patients in whom shock was
imminent '

Hartman and Harkins have just reported details concerning
the use of pectmn after surgical operations, accidental ijuries and
in musccllancous concitions in which shoch was feared  Their
data are denived from more than 125 climcal cases  There were
no abnormal nor untoward reactions and the blood pressure
was mamtaned at satisfactory levels  The increased blood
volume resulting from the fusion, did not subade rapid{y as
compared with cases m which glucose-sahine solution was given
They state that pectin solution has heen substituted for glucose-
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afine solution as a routine preventive measure after extensive
operations 1n thar surgical service

Gelatin.—Gelatin has several of the properties required of a
fimd to be smtable for transfusions Hogan (1915) descnibed
accurately the advantages of collaidal over saline solutions for
intravenous use  He gave detailed instructions for the preparation
and stenhization of punfied gelatin 1n a 4 per cent solution  Thus
was used with good resuits and with no unfavorable mamfestations
m 9 cases of shock from vanous causes Bayhss (1917) found
that & 6 per cent solution of gelatin has approximately the same
viscoaity and colloidal csmotic pressure as those of blood plasma.
Also it has very low antigenic properties ammals treated with it
do not become sensitive to subsequent injections However 1t 1a
difficult to stenlize gelatin by heat without reduang marledly
its viscomty and its osmotic pressure  Also, unless heated 1t has
the property of jeling which renders the solution unsuitable for
mjection. If these disadvantages could be obwiated a properly
punfied gelatin mught be a satisfactory replacement fluid for use
in shock and after hemorrhages

Isingiass,.—This substance 15 & form of gelatin obtained from
the swim bladder of several Linds of fish Tt 18 avalable as an
article of commerce Taylor and Water investignted the properties
of punfied 1inglass and found that the colimdal osmotic pressure
of a 7 per cent solution was closely similar to that of human plasma.
Also 1t fulfilled the other speafications required of a fld for
transfusion purposes  In tests on animals, it was found that a
7 per cent solution gmiven intravenously restored the blood pressure
and arculatory efiency after hemorrhages which were fatal in
the untreated ammals.

More recently Taylor reported on chimcal results from the use
of 1singlass 1n more than 40 patients. The amount usually given
at one injechion was 500 cc. of a 4 per cent solution A sustained
increase 1n both artenal pressure and m blood volume regularly
followed. In onc instance 1500 cc were gven with excellent
effect to & patient in traumatic shock  No unfavorable reactions
occurred 1n any case  Thesc results are the most mgnificant that
have been reported on the use of & gelatin for the purposes men
tioned  Further developments will be awaited with interest

Hemoglobin-Ringer Solution —Sellard and Munot investigated
the use of hemoglobin dissolved 1n Ringer s solution as an agent
for the relief of anerma. It was found that the oxygen-carrying
capaaty of this compared favorably with that of erythrocytes
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and that intravenous mfusions of it were well tolerated by the
ammal orgamsm  Amberson showed that hemoglobin dissoly ¢d
in sterile buffered saline solution presents several advantages as
a blood substitute. The molecules of hemoglolnn are of similar
size to those of albumin, and its osmotic pressure 1s lngh -~ Such a
solution was cffective after hemorrhages produced expenimentally ,
animals survived after 85 per cent of their blood had been replaced
by 1t, no unfavorable effccts were seen  Buttle and associates
reported prompt recovery of the blood pressure m cats after hemor-
rhages amounting to 50 per cent of their blood volume, when
treated with hemoglobin m solution, but the recovery was not well
mamtained 1n all cases and therc were some respiratory disturh-
ances  They ranked hemoglobin-Ringer solution as superior to
acacia and to sahne solutions but inferior to plasma and to serum
in replacing loss of blood by hemorrhage The use of hemoglohin-
Ringer solution 1s still in the experimental stage

Bovine Plasma and Albumin.—The plasma and scrum of
several animal species have been given intravenously to man,
often without untoward cffects Horse serum is sometimes given
to increasc the coagulabhity of patient’s blood, immune sera from
horses, cows, goats and rabbits have been given intravenously
to combat mfections Three possible dangers attend such medica-
tion (1) The ammal serum may contain hemolysins or hemagglu-
timns which afiect human corpuscles (2) If the individual is
hypersensitive to protein of that species, a severe reacton usually
results  (3) All such sera are antigenic, if at a later time a second
mjection of the same species serum js given, an anaphylactic
reaction may be expected These principles should be held mn
mind when considenng the mtravenous administration of heter-
ologous plasma or serum .

Wangensteen and his associates (1940) mvestigated the possi-
bilities of bovine plasma as a substitute for human plasma
restoring the blood volume after hemorrhages or in shocL‘ They
reported that bovine plasma given intras enously to man in {:{nly
large quantitics, 750 to 1000 cc , 1s retained and apparently utilized
without 1ll effects  Subsequently (sce Kremen, 1942) they reported
on the admimstration of bovine plasma and sera, pr(pnrcd.nnd
preserved i different ways, to a serics of 120 hupmn cases .\'nr_\'-
mg types and degrees of reaclions oct urrcd. in a majority of
instances, some of these were described as scriots but none were
fatal The use of serum from which the hemaolysins and hemagilu
tmins had been removed by adsorption with human erythrocy tes,
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reduced the occurrence of reactions from 664 to 24 5 per cent
They concluded that the madence of reactions was sufficient to
contraindicate any climcal use of whole bovine serum or plasma
at the present time They suggested that a preparation of
bovine albumin (t1de infra) scparated from globulin may prove
» safe and practical blood substitute

Cohn madec ntensive studies on the physical and biocherical
properties of humen, bovine and other plasme  He states that the
albumins represent over 60 per cent of the proteins in normal
human plasme, but they give nse to a much greater proportion of
the blood osmotic pressure by virtue of thar smaller size and larger
net charge. The albumins are by far the most important asmotic
factor of plasma. Cohn has been able to prepare large amounts
of relatively pure albumin by improved methods of fractionation
He has shown that albumun so prepared 1s pure, as indicated both
by {ts electrophoretic pattern and by sedimentation 1n the ultra
centnfuge. A sigrficant practical feature of thus development 1
the fact, noted by Cohn that 1t makes possble vanous chimical
investigations on the therapeutic uses of relatively pure alburmin

Punfied beef albumin 18 a prommng substance for use as an
agent 1n mtravenous medication because of 1ts physical properties
of low viscomty, great stability solubility and osmotic activity
For this reason Janewny and Beeson began investigations as
suggested by Cobn - They found that beef albumin maintained the
blood volume and arculation of dogs n shock resulting from
burns. They tested its effects i varying doses upon a group of
16 human subjects. No untoward reactions occurred except in
one subject who they noted, had previously developed serum
sickness from horse serum

Davis and associates (100%) prepared albumin from bovine
scrum by the usual methods of precipitation and filtration  After
tests for sterility this was given 1n smounts from 50 to 300 cc
intravenously to 13 human subjects. No unfavorable reactions
of any kind followed These results confirmed their concluston
from previous expeniments that the globulins of bovine serum
ure responsible for 1ts occasional toxc effects

The evidence aited indicates the possibility that bovine albumin
if sufficently punfied may not produce the unfavorable effects
which often follow the intravenous use of the whole plasma or of
the imperfectly fractionated albumuins  Further evidence will be

Tequired before the safety and the chinical usefulness of bovine
albumun can be evaluated
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A substitute fluid which could be used safely and with good
effect for transfusion purposes offers the obvious advantages of
low cost and ready availabthity  Physiaans have frequent occasion
to use intravenous therapy of this kind, were the means at hand
The substances which at this time appear pronusing as blood
substitutes arc pectin, 1singlass and purified albumuin s vet,
neither of them has been given adequate trial to estabhsh its
merits and its possible disadvantages m climcal use. The fact
that gelatin and albumin may be utihized by the body as nutrition
or as matenal for building more complex proteins, 1s a pont of
advantage over pectin and gum acacia  None of these except the
latter has as yet been prepared pharmaceutically for medical use
Purified acacia, 1n ampoules with the appropriate amounts of
sodium chlonde and distiled water, has been prepared by repu-
table pharmaceutical concerns It should be at hand i hospitals
and chmics for use in emergencies when neither human blood nor
its denvatives can he obtamned

HUMAN PLASMA AND SERUM

The blood volume of patients in true shock 15 reduced markedly
by loss of plasma, hence the rational measures for counteracting
this feature arc obvious Authonties agree that n this condition
the introduction of plasma 1s more effective than transfusion of
blood except when the hemoglobin content of the blood has been
reduced marhedly by hemorrhage The desirability of replacing
the lost volume by the introduction of plasma or secrum has long
been recognized, but means for accomphshing 1t have been
developed only recently

Human plasma 1s obtamned by drawing donor’s blood mto a
closed stertle receptacle contaiming suflicient so * T te solu-
tion to prevent clotting After the corpusel - y the
bottom, either by gravity or by centrifue -
plasma is drawn off and pooled with thatg
a large contammer  After bactenologic «

plasma 1s placed in smaller contaners and. % -
trated at room temuy i refrigerat

for dehydration o+ '+ "¢ plasma

trated to a fract S volume ¢
completely hefr ’ ny instit’

banks are mama, ' “m pury

-~
\
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for transfusions, the plasma 18 drawn off from these flasks and 18
then treated as described

Human serum 15 obtained by drawing donor s blood into a
closed contmner allownng 1t to clot then wmthdrawing the serum
This may then be treated as described for plasme and stored
mtil needed  The chuef difference 1n the composttion of serum and
plasma 15 that the former contains no fibrinogen nor prothrombin
while the latter contams a minute amount of sodum atrate It
has been shown that neither of these differences affects their
usefulness as therapeutic agents.

1t has been found that no typing nor cross-matching of plasma
with the patient's corpuscles 1s required  Plasma pooled from a
number of donors may be given mtravenously to any recipient
without regard to hus blood tvpe or group  Reactions from incom
petibility do not result

For a time there was much discussion as to the relative ments
of serum and plasma. Those who were using aither of these
products were apprehensive concermng the occasional unfavorable
results reported from the use of the other A disturbingly high
rate of reactions was recorded by scveral wnters (see Brown and
Molhson, also Werl and Browne) after the use of serum  Sub-
sequently 1t was found (Mudd and Flosdorf Scudder and Self)
that serum may provoke & reaction when fresh but that the same
serum, stored for two weeks, was perfectly innocuous The
qualty which caused these reactions disappeared after a bref
lapse of time  Since ten to fourteen days are required for bacteral
cultures to fncubate, no tmme 1s lost by allowimng the serum to age
for two weeks before processing it.

It must be remembered that the entire techmque for prepanng
nd unng these products has developed most recently and very
rapudly 1t us natural that vanous unforescen difficulties should
occur - The problems of detecting and removing the causes for
these required trme and expenence  As in many other fields, the
methods first used were wmperfect 1t s remarkable that most of
the tmperfections 1n the preparation of plasma and serum have
been corrected 1n so short a developmental peniod

Undoubtedly many unfavorable reactions were due to bactenal
contamunation  Over 8 per cent of some 6000 hters of hqud
w which was shipped to England in the carly part of World
ht" was found contaminated 1n spite of the fact that merthio-

t 1 to 10,000 had been added dunng the preparation of the

Novak has recommended the addition of sulfathiazale
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A substitute flmd which could be used safely and with good
effect for transfusion purposes offers the obvious advantages of
low cost and ready availabihity Physicians have { requent occasion
to use intravenous therapy of this kind, were the means at hand
The substances which at this time appear promusing as blood
substitutes are pectin, 1singlass and punfied albumin  As yet,
neither of them has been given adequate tnal to estabhish 1ts
merits and 1ts possible disadvantages in climical use The fact
that gelatin and albumin may be utilized by the body as nutrition
or as matenal for bullding more complex proteins, 1s a pomnt of
advantage over pectin and gum acacta None of these except the
latter has as yet been prepared pharmaceutically for medical use
Punfied acacia, in ampoules with the appropriate amounts of
sodium chlonde and distilled water, has been prepared by repu-
table pharmaceutical concerns It should be at hand in hospitals
and clinics for use mn emergencies when neither human blood nor
its denvatives can be obtained

HUMAN PLASMA AND SERUM

The blood volume of patients mn true shock 1s reduced markedly
by loss of plasma, hence the rational measures for counteracting
this feature are obvious Authorities agree that in this condition
the introduction of plasma 1s more effective than transfusion of
blood except when the hemoglobin content of the blood has been
reduced markedly by hemorrhage The desirability of replacing
the lost volume by the 1ntroduction of plasma or serum has long
been recognized, but means for accomplishing 1t have been
developed only recently

Human plasma 1s obtained by drawing donor’s blood mnto a
closed sterile receptacle contaming sufficient sodium citrate solu-
tion to prevent clotting After the corpuscles have settled to the
bottom, either by grawvity or by centrifugation, the supernatant
plasma 1s drawn off and pooled with that from other donors in
a large contamner After bacteriologic and serologic tests, the
plasma 1s placed 1n smaller containers and either stored unconcen-
trated at room temperature or 1n refrigeration or frozen If means
for dehydration are available, the plasma may either be concen-
trated to a fraction of 1its original volume or 1t may be d‘csmcated
completely before storage In many nstitutions n which blood
panks are mamtamned for transfusion purposes, the stored blood
15 used as a source of plasma When the blood becomes unsuitable
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for transfusions, the plasma 1s drawn off from these flasks and 15
then treated as described

Human serum 13 obtaned by drawing donors blood nto a
closed contamer allowing 1t to ciot then withdrawing the serum
This may then be treated as descnibed for plasma, and stored
until needed  The chief difference in the composition of serum and
plasma 1s that the former contans no fibnnogen nor prothrombin
while the latter contains & minute amount of sodium aitrate It
has been shown that neither of these differences afiects thewr
usefulness as therapeuhic agents

It has been found that no typing nor cross-matching of plasme
with the patient s corpuscles 18 required  Plasma pooled from a
number of donors may De gven intravenously to any reapent
without regard to his blood type or group  Reactions from incom
patibility do not result

For & time there was much discussion as to the relative ments
of serum and plasma. Those who were using ather of these
products were apprehensive concerning the occasional unfavorable
results reported from the use of the other A disturbingly hgh
rate of reactions was recorded by several wniters {see Brown and
Mollson, also Weil and Browne) after the use of serum  Sub-
sequently 1t was found (Mudd and Flosdorf Scudder and Self)
that serum may provoke o reaction when fresh but that the same
serum stored for two weeks, was perfectly innocuous. The
quahty which caused these reactions disappeared after a bref
lapse of ime  Simee ten to fourteen days are required for bactenal
cultures to incubate, no time 18 Jost by allowing the serum to age
for two weeks before processmg 1t

It must be remembered that the entire techmique for prepanng
and using these products has developed most recently and very
npidhy It 18 natural that vanous unforeseen difficulties should
occur  The problems of detecting and removing the causes for
these required time and experience  As mn manv other fields the
methods first used were imperfect. It 18 remarkable that most of
the imperfections 1n the preparation of plasma and serum have
been corrected 1 so short a developmental penod

Undoubtedly many unfavorable reactions were due to bacteral
contamination  Over 8 per cent of some 6000 hiters of hqud
Plasma which was shipped to England 1n the early part of World
War I was found contamnated in spite of the fact that merthjo-
late, { to 10000 had been added dunng the preparation of the

Novak has recommended the addition of suliathiazole



284 TRANSFUSIONS AND BLOOD SUBSTITUTES

to plasma and serum to prevent contamination However, 1t was
spown (Heath and Province) that none of the sulfonamide derva-
fives 1n concentrations up to 0 2 per cent, exert sufficient bacteno-
static effect to safeguard stored hquid plasma against contamina-
tion Cleanhness and care i aseptic techmque, ehminating sources
for bactenal contamination, are the most effective means for
obviating this danger

Some of the febrile reactions after infusions of plasma, were
traced to chemical substances (Strumia) dissolved from soft glass
used for containers, and some to impurities dissolved from rubber
connections 1n the apparatus The Subcommittee on Blood Sul-
stitutes, National Research Council, has 1ssued (1942) a Technical
Manual which gives prease detailed instructions concernmg
methods, apparatus and technique for the preparation of plasma
High quality ampoule glass and sulfur-free, non-oxidizing rubber
are specified The use of 1 to 15,000 phenyl mercuric borate or
of 1 to 10,000 merthiolate 1s also recommended Those interested
in technical details are referred to this manual and to a Technical
Manual on the Preservation and Transfusion of Human Whole
Blood Both were prepared under the auspices of the National
Research Council and were 1ssued by the United States Office of
Civihan Defense

It appears that, when carefully obtained and prepared, plasma
or serum may be given with equal safety and effectiveness Our
Bntish and Canadian colleagues have used and are using serum
almost exclusively and with highly satisfactory results, yet they
make no claim that 1t 1s superior to plasma mn any mmportant
particular  The use of these, under comparable conditions in
treating air-raid casualties in England, did not show that the
reaction rate of either was consistently higher than the other
Best and Solandt have developed an claborate system by which
thousands of pints of blood are collected and the serum separated,
tested and desiccated for shipment to England each month They
emphasize the point that plasma and serum, 1if they arc frec from
reaction-producing substances, are therapeutically 1dentical and
may be used interchangeably They regard 1t as regrettable that
discussions on the relative menits of these should hinder either their
production or their use

Opmion 1n the United States 1s divided, 2 majorily appearing
to favor the use of plasma The latter has been adopted for mihi-
tary use by the Medical Corps of the United States Army and
Navy Hill and Muirhead have reported on the admimstration of
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674 doses of plasma, resulting in only 5 reactions They purposely
disregard distinction between plasma and serum as therapeutic
agents, and state that a proper preparation of either 18 an imnocuous
substance which does not cause reactions

From these and from mmilar expressions of opinions by others
1t appears that either product, if properly prepared, 1s equally
useful and free from untoward effects This evaluation 18 corrobo-
rated by the fact that preparations both of serum and of plasma
have been accepted as New and Unofficial Remedies by the Coundl
on Pharmacy and Chemustry, and that both have been endorsed
and will appear officially as therapeutic agents in the forthcoming
editton of the U S Pharmacopeera

The U S Pharmacopeeia speaifies three means for the storage
of these products  liquid plasma to be preserved at temperatures
between 10° and 20° C , frozen plasma at temperatures between
—10° and —20° C, dned plasme, not be exposed to excessive
heat. It 1s recommended that hquid plasma be kept nat longer
than one ycar

TWO NOTEWORTHY DEVELOPMENTS

Among the developments which have contnbuted to the prac
fical management of shock and of hemorthage, two are so aig
mficant as to ment speaal notice

Desiccated Plasma and Serum.—In 1935 Flosdori and Mudd
developed the ‘lyophile” method for dehydrating serum and
other bologic products from the frozen state They gave duc
credit to others for preceding developments  Subsequently in
collsboration with Eagle Stokes and McGuinness they obwiated
certain disadvantages in the previous method by introducng what
iz known as ‘cryochem ’ process later they devised the “desivac’
process. These were the innovations from which have developed
scveral practical methods for obtmning, concentrating preserving
and dustributing plasma or serum 1n quantities sufficent for exten
sive use m avil poputations and m military forces In remote arcas
The full significance and scope of this development has not yet
been grasped by the medical profession

Subsequently several practical methods have been perfected for
accomplishing the same purpose by different means. Among these
thould be mentioned the Hil) Adtevac process and Hartman's
simple and imexpensive method for drying serum or plasma
cellophane bags It 18 not appropriate ta discuss here the technical
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procedures and the advantages presented by these and by other
methods If the fimished product conforms to the specifications
set forth in the Pharmacopceia, physicians will use that product
with assurance and confidence

The dehydration or complete desiccation of plasma or serum
provides several major advantages not otherwise attainable The
product will keep for years at ordinary temperatures without
deterioration It has small volume which facihitates its trans-
portation and distribution into all areas and localities where the
treatment of hemorrhage and shock may be necessary The plasma
or serum, bottled and dehydrated in the laboratory where 1t was
processed, can be redissolved with the distilled water packaged
with it m from one to three minutes It may be admnistered
promptly under emergency conditions, even in the field, n
ambulances and m first aid stations, with needle and other
cquipment contained in the package

A final advantage of inestimable therapeutic value 1s that the
plasma or serum may be given 1n any desired concentration or
dilution When given in 1sotonic form, 7 ¢, neither above nor
below the concentration of normal plasma, it merely replaces the
depleted blood volume with a switable fluid having about the same
osmotic activity as the patient’s blood But when given m con-
centraled form, 1ts osmotic potency tends to reestabhsh flmd
balance It restores the depleted fimd of the blood in part by
drawing fluid nto 1t from the tissues This physiologic principle
15 utihzed by giving plasma or serum 1 from twice to five fimes
the 1sotonic or normal concentration

Infusions via the Bone Marrow.—A second development of
major importance 1s a simple techmque for giving blood and other
fluds by njection mnto the bone marrow All who have attempted
vempuncture for any purpose during shock have reahzed the
difficulty of entermg vens, large or small, with any type of needle
The peripheral vemns are so collapsed and bloodless that 1t may be
mmpossible to cannulate them successfully even by vemisection
Adiposity of the patient may handicap further the efforts of the
operator  These difficulties hinder all attempts to restore an
adequate blood volume by mtroducing fluds Much time may be
Jost 1n unsuccessful efforts to cannulate vessels and the operation
of the vicious circle may be approaching the irreversible stage,
moment by moment It often 1s necessary to incise deeply and
expose large vessels, as n the femoral region This procedure may
be practical in the operating room or in a well equpped office
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but not in first ard posts, in combat areas nor in other circumstances
of emergency Even when venisection and cannulation ate success-
ful, time 15 consumed, & wound 1s made and the procedure 1s
techmically more involved than the simple insertion of a needle.
Tocantins found by expenments on cadavers and on ammals
that dyes yected anto the bone marrow enter the venous arcula
tion rmmediately Accordmgly & techmque was devised for giving
transfusnions of blood and other fimds by this route  He inserts
 short styletted needle, 18 to 20 gage, mn the midline of the

F1a. 28 —A convenient arrangement for the rapld fojection of substances
1 into the bone marrow of the tiba of young children and B of the stetnum
of adulte.  ehows convenient meca of the needier for pving infuson #ia the
bonie marrow  This equipement In a sterilo packnge shoukd be held in readiness
™ bospatals and emerpency stations. {Courtesy of Dr L. M Totanting.)

sternum at the level of the 2d or 3d interspace  The needle 1s
nserted at an angle of about 45° and 15 smultaneously pushed and
rotated with a bonng motion until a sudden decreased remstance
i noted This indicates that the needle has penctrated the outer
plate of the manubnum and 1s 1n the marrow space  The
stylette 1s then withdrawn a syninge is attached and some marrow
fluid 15 aspirated to indicate with certainty that the opening of the
needle 13 wathin the marrow space Fimd may then be introduced
cither by syminge or by a mmple tvpe of transfusion apparatus
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(sec Fig 28) He states that flud will flow by gravity as reachly
into the marrow space as into a vein )

Tocantins and his associates have reported on the use of this
method in 72 patients without any untoward local or systemic
cfiects They have found 1t advantageous m postoperative cir-
culatory failure, after hemorrhages, in msulin shock, and
giving fluds mtravenously to children for any purpose They
recommend 1ts use for mtroducing fluds or drugs whenever veins
cannot be entered readily and when the admmistration of fluid 15
urgently needed

The advantages of a safe and rapid means for mtroducing fluids
mnto the blood under difficult circumstances, need no emphasis

THERAPEUTIC USE OF PLASMA OR SERUM

Plasma or serum kept 1n a hiquid state tends to develop varyimg
degrees of flocculation which 1s more marked in plasma because of
1ts fibnnogen content This requires filtration before use, prefer-
ably through a Seitz, glass cloth or other hnt-free filter Usually
no flocculation occurs 1n frozen plasma or 1n the desiccated product
when redissolved

Some give plasma or serum diluted with an equal quantity of
saline or dextrose solution Elhott, Tatum and Busby have re-
ported excellent results by this method 1n shock from various
causes, after burns, and 1n the treatment of hypoprotememia
They found this an excellent substitute for whole blood by trans-
fusion in the treatment of hemorrhage White, Collins and Wein-
stemn also favor the use of plasma-saline mixturc They reported
1ts use m over 500 cases of various types including 81 nstances of
shock following surgery or trauma ‘“The results were satisfactory
1n most cases and 1n some even spectacular ”’

This mode of treatment 1s distinctly superior to the use of saline
or dextrose solutions, 1ts usefulness would appear to be greatest
1n those states 1n which genumne dehydration of the tissues occurs,
as n cholera, dysentery and other conditions in which the water
content of the tissues has been markedly reduced Diluted plasma
or serum restores the blood volume adequately but the fluid with
which 1t was diluted may escape readily through permcable endo-
thehum and may accomplish only temporary benefit - Plasma or
serum 1s superior to saline solutions chiefly because of 1ts high
protein content and osmotic propertics, this supeniority 1s deereased
n proportion to the degree of dilution Concentrated plasma or
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serum will be more effective 1n restoring flud balance by drawing
water from the tiasues into the blood

Plasma or serum 18 usually given m the normal or 1sotonic con
centration  An mmpresstve hist of authors mught be aited who have
used this method for treating shock and the effects of hemorrhages
with gratifying results. The types of cases reported include
hemorrhages, traumatic and postoperative shock burns perfora
tions of viscera, intoncations and infections occurnng 1 awlian
hospitals (Levinson Strurma, Elngton D K Hill Lee
Harkins, their assonates and many others) and wounds crush
injuries, hemorrhages and burns inadent to air raids and battle
casuslties as seen mn London evacuees from Dunkerque and n
Pead Harbor {(Grant, Bywaters, Atkins, Maycoch Moorhead and
assocstes) These and other reports on the use of blood proteins
of about normal concentration, agree in recording highly satis-
factory results  The use of plasma n isotonic concentration has
been adopted as a standard procedure for the treatment of shock
and of hemorrthage by the Medical Corps of the United States
Amy and Navy (Kendnck and Newhouser)

The practice of giving plasma or serum 1n isotomic concentration
conforms entrely to the pnnaple of replacing the depleted blood
volume with the same type of fluid as was lost. The ments of this
procedure are eatablished nnquestionably by the reports of excel
lent results m chinieal use. But this practice fals to utilize another
factor of inestimable advantage m restonng arculatory equilibnium
~the asmotic potency of concenlrated plasma or serum

Uzder physiologic conditions the fluids of the tissues constitute
a reservorr for supplyng fluid to the blood as needed  The forces
which control the shift of flud 1n either direction constitute the
mechanusm of flud balance  Abnormal permeabibty of endo-
thelium from anoxia or other causes not only upsets this balance
making unavaileble the reservorr of tissue flud 1t leads to an
sncregse of tissue fued at the expense of the blood  The only effective
means as yet available for counteracting this dusturbance 18 to
increase the osmotic potency of the blood plasme. Vanaus agents
have been employed for accomplishing this without success If
Biven tn concentrations abo-e the normal plasma or serum provides
an idea! phymiologrc means for correcting 1 some degree the dis-
turbance of flnd balance The admumstration of these agents in
normat concentration or diluted fals to utilize this physiologic
advantage

Best and Solandt stated that serum or plasma 18 employed for

19
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two main purposes, one of which 1s to provide fluid, the other to
provide the serum protems “which by therr osmotic pressure
retain fluid in the blood stream or attract it from the tissues "
The chinical application of the latter purpose has been reported
by several Lee, Elkington and Rhoads observed that the tissue
edema subsided after the admimistration of plasma in the treat-
ment of burns, this was observed mn 6 cases Harper, Osterberg,
Priestley and Seldon reported on the use of plasma protein m
1 to 10 solution (about 1 5 x normal) 1n the treatment of shock.
There was a decrease 1n the hemoconcentration and an actual
nse 1n the amount of circulating plasma protein, these changes
were sustained

A large series of cases treated with concentrated plasma,
4 < normal, was recently (1942) reported by Muirhead and Hill
They recorded data i 93 cases of shock, many of which were
complicated by hemorrhages The results were stated as excellent
m 68, good 1n 9, transient 1n 11 and poorin 5 In total, 674 doses
were given with a reaction percentage of 0 74 Threc important
uses for concentrated plasma were emphasized (a) the rapid
restoration of blood volume and the acceleration of the circulation
in shock from all causes and after hemorrhages, () the sustamed
elevation of the plasma protein level in hypoproteinera from
varnous causes, and (¢) the control of fluid balance by the prolonged
and powerful osmotic effects of the concentrated plasma They
regard the latter feature as of mestimable importance in counter-
acting the mechamsm of shock It remforces the physiologic
mechamsm for establishing and mamtammg the blood volume,
and 1t interrupts or reverses the operation of the vicious circle
They found that concentrated plasma not only relieves edema
arising from shock but that edema from other causes was also
benefited They concluded that hypertonic plasma 1s the most
effective agent available at the present time for increasing intra-
capillary osmotic forces

Varying degrees of hypoprotememia accompany shock from
different causes This may be due in part to loss of plasma protein
by leakage into the tissues, both locally and systemically, and m
part to impairment of the hepatic function of buildmg plasm'a
protemns  Varying degrees of hepatic degeneration and necrosis
occur incident to shock onginating from diverse causes For
cxample, hypoprotememia 1s a promment feature after scvere
burns, 1t probably results from a combination of the two causes

mentioned
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from a single donation or from two donations of blood, respectively
Usually about 500 cc of blood 15 drawn from a donor, thig mz;y
yield about 250 cc of plasma These authors recommend 35 to
36 gm of plasma protemn as an 1nitial dose in shock without
hemorrhage Such cases may require two or three additional doses
at intervals They state that enough should be given to raise and
mamtam an adequate volume of circulating blood as evidenced
by satisfactory pulse quahty, blood pressure and blood concentra-
tion This seems to express the opmion prevailing at this time
regarding dosage

Severely burned patients require much larger amounts of plasma
or serum than are needed in shock from operations or trauma.
Murrhead and Hil gave 600 cc of 4 x normal plasma to one
patient in severe shock and 1200 cc to a severely burned patient.
It has been said that cases of severe burns should receive “plasma
and more plasma ”’ Strumia and McGraw reported a case in which
about two-thirds of the body surface was burned This patient
recerved a total of 700 gm of dried plasma or the equivalent of
10,000 cc of 1sotonic plasma, recovery followed. Harkins (175%)
states that, particularly in burn shock, 100 cc of isotonic plasma
should be given for each point the hematocrit reading exceeds
45, as long as the protemns are above 6 gm per 100 cc  If the
hematocrit reading 1s 55, the patient should recetve 1000 cc. of
1sotonic plasma or 250 cc of 4 x concentrated plasma

Plasma solution also transfusions of citrated blood are often
given slowly by the continuous drip method This 1s not adwisable
as the mitial treatment n shock It 1s desirable that the blood
volume be raised as soon as may be, this 1s best accomplished by
rapid njection Hill and Mwrhead recommend giving 100 cc
of fluid 1n about two minutes when circulatory deficiency 1s present
or threatens

Summary.—The practical management of shock includes the
various means discussed 1n preceding chapters, by which 1t may
be prevented or 1ts effects reduced to a mmmum,

The rationale of flud therapy 1s simple m 1ts basic principles
Tt consists in marntaimng the blood volume by replacing, with the
same type of flmd 1f possible, that which was lost '

It 15 of prime importance to distinguish between primary shock,
delayed or secondary shock and the effects of hemorrhages.
Observations on the concentration of the blood are most useful
in the differentiation of these and n determining both the appro-
priate treatment and the dosage of the fluids to be given.
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Saline solutions, wmith or without glucose, may be of value 1n the
prevention of postoperative shock also after moderate hemor
thages They produce no permanent improvement in secondary
shock

Transfusions of whole blood are most useful in combating the
effects of serious hemorrhages combined with minor degrees of
shock. They are meffective in counteracting severe shock i which
hemorrhage 18 a mmor factor

Plasma or serum given intravenously presents a combination
of advantages not otherwise obtaunable (1) It restores blood vol
ume by the same type of fluid as was lost (2) It does not escape
readily by leakage unless grave 1njury to endothehum has occur
red  (3) Concentrated plasma or serum has a high osmotic
pressure which draws fluld from the tissues into the circulation
this helps to redstablish fld balance and counteracts the mech
aniem by which shock progresses  (4) It restores directly the low
plasma protein which develops madent to shock

Solutions of acacia, pectin or punfied gelatin should be used
only in emergencaies when neither whole blood, plasma nor serum
18 obtainable The development of other substitutes 13 in the
expenmental stage.

Speed of admimstration {s of the highest importance when shock
18 present or 1s developing The ntroduction of concentrated
plasma or serum 1nto marrow spaces by means of a syninge makes
pesmble the emergency treatment of patients in combat ereas
first aid stations, even in ambulances or under other circumstances
n which wtravenous therapy is difficult or mpossible

No set rules for treatment or for dosage can be formulated
The physican must be cognizant of the requirements of the indi
vidual case  The desage of blood by transfumon, or of serum or
plasma, must be adequate to reheve the arculatory defiaency
This can best be determined by the chimcal mgns and by the results
of smple examinations of the patient’s blood
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Hi aT cramps, 147
Heat 1n prevention and treatment of
shock, 228

Heat stroke, 145-148, 208, 210
azoterma, 146
blood chemical changes, 147
chmeal features, 145
hy perpyrexia, 146
hepatic damage, 146 .
pathologic findings, 145, 140, 147

INDEX

Heat si;rgkc, peteehial hemorrhages

pulmonary edema, 14%
renal changes, 146
Hematology, 28 32, 10
emoconcentration, 15, 19, 23, 29, 34
37,39, 41, 44, 16, 48, 49, 67, 68, 69
79, 83, 84, 88, 94, 97, 105, 106, 115
123, 124, 126, 149, 164, 166, 167
168, 170, 174-177, 179 180, 189
191, 192, 194, 197, 207, 211, 219
220, 235, 238, 243-254 259, 273
as a dagnostic sign of shock, 114-
115, 124, 253-254, 256, 260, 202
273, 278, 290, 292
i Addison’s disease, 204
n anaphy laxs, 156
Hemodilution, 29, 84, 88, 89, 97, 90
100, 105, 244, 256, 261, 274
Hemoglobin-Ringer solution 1n treat
ment of shock, 279-280
Hemorrhages, 19, 21, 29, 32, 51, 84, 87
88, 89, 91, 93, 111, 112, 167
blood chemieal changes, 104-105
coagulabiity, clothing fime, 104
contrasts with shack, 108, 260-262
213, 2718
contributory to shock, 223-224
control of, 226-227
cffects of, 97-109
on lymph flow, 102
flusd balance, 104
morphologic effccts, 98
petechial, 19, 48, 75, 84, 146 213
rclatggzto endothehal permeabihity

to flmd balance, 102
simlanties to shock, 107
treatment by transfuson, 273-2760
278, 280
by plasma or serum, 274275, 289
200

waler content of tissucs, 103
Hepatic damage, 121-135, 171, 187, 29(
in anaphylaws, 157
n burns, 139-140
1n sublethal shock, 187-188, 191
in sunstroke, 146
Hepato-renal sy ndrome, 188-190
H-substance, 71, 72, 152, 157
Histannne, 48, 69, 71, 72, 79, 80, 110,
121, 244, 231
Hiperactivity, sy mpatho-adrenal, 49-
52

Hyperemua, functional, 14, 22
mflammatory, 14, 22
reactive, 45 3703
Hyperpotassam, 37,
Hy gcrm rexie, 147, 188
Hygperenativity 2004—202. 204, 208
Hyperthernua, 116-147
H}goprolmnr'mm. 274, 277, 28%, 290~
291
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Pathologic findings n shock anaphy-
lactie, 156, 158 i
anaphylactod, 158-139
diabetes, 166
1cterus gravs, 166
infections, 169
mfluenza, 169
1 Addison’s disease, 204-205
m adrenal cortical deficiency,
196-197
1 bumns, 138, 140, 144
in chmeal shock, 126-129
mn experimental shock, 122-126
m extrarenal uremia, 189-190
n igr%admhon sichness, 148, 151,
m status 1y mphaticus, 201-202
1n sublethal shock, 173-177, 185,
187, 189, 192
mtestinal obstruction, 163
mercuric chlornde poisoning, 160
obstetric shock, 168
pancreatitis, 165
transfusions reactions, 162
vanous causes, 210, 212, 213,
220, 245
Pectin in treatment, 278
Peptone, 73, 79, 244, 246
Peripheral airculatory faiture, 44, 229
See also Shock
Pcngiasbmty, capllary, 80, 173-177,
cellular, 31, 35-38, 199, 200, 267
endothelial, 17, 31, 34, 37, 4548, 69,
70, 71, 72, 80, 199, 253, 289
Penitomitis, 165, 245, 249
Perspiration, loss of flmd by, 228
Petechial hemorrhages, 19, 46, 48, 75,
146, 156, 196, 203, 207, 213, 245
Phenobarbital, 110 See also Barbitu-
rates
Phosphorus poisomng, 247
Pigmentation, 131, 178
Plasma or serum 1n treatment, 224, 227,
270, 271, 272, 274-216, 282-
203
desiccated plasma and serum,
283--266, 288-292
substitutes for, 272-282
volume, 46, 72, 272
Plasmapheresis 18
Paeumona, termnal, 167, 168, 177-
185, 220
acute mfections, 182
after anesthetic and hypnotic
drugs, 180
after burns, 179-180
after poisoming, 183-185
condittons of occurrcnee, 183~185
hy postatic, 178
in Addicon's disease, 204
in ammals, 184
in ovtrarenal uremsa,

i

!

INDEX

Pocumomin, termmnl, i nfections,
170, 182, 240
morphologic features, 177-178 180
pithogene<s, 177
postoperative, 178-179
Poly cythenua ver, 243
Pressor effect 81, 84-85, 01
Prnimary shock, 52, 256-260, 269, 275
Proteoly «1s, 240
Pseudo-shock  Ser Primary shak
Psychologic nfluences, 208 210, 218§,
225, 256 259
Pulmonany edema, 174-177, 185, 186,
213,290  See niso Edema
Pulse, 25

R

RapiaTion sichness
sickness
Renal funcuon, 17, 22, 38-42
deficiency, 24, 44, 119, 162 204,
240, 262
mn intestinal obstruction, 163
in 1rradiation sickness, 153
m sublethal shock, 186-195
Reserve alkalinity, 30, 40, 61-62, 219
Rocentgen wrradiation, 51 See Irradia-
tion sickness

See Irradiation

S

SALINT solution in treatment, 277
Secondary pneumoma  Ser Preu-
moni1, termnal
Selectiy e distribution of circulation, 212
Serosa Entzandung, 131, 174
Scrum, 235, 259, 274-276, 282-293
See also under Plasmin
Shock, adrenal cortical deficiency, 197
hormone 1n treatment, 266-269
after sympathectomy, 70
agents and conditions ciusing, 121~
126, 174, 208, 218, 241248, 250
anaphylactic, 79
anesthesia contributory to, 110-113
218-223, 244
blood pressure, 24~25, 255
charactenistic features, 23-11
chnical features, 24, 95, 213
coagulabnhity, clotting time, 101
contrasts with hemorrhage, 108, 260
262
contmbutory factors, 57, 67, 77, 111~
112, 208, 218
definitions of, 42-44
differential diagnorie, 255-202
epnephrm, 48, 263-204
cxperimental, 121 126, 163
fluid balance, 16-19, 104
from coronary oichuion, 208, 211,

292
from *58-162, 247-249



Shoek from tranduslons 162
hemorthages 1o 101- 101
in Addlson s discuse 204
infections cnmarg 240 241
m icteros gravia, 249
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Theories concerniny shock  nocxkeeptive
nerve mfluences, 92-94
tho-adrenal  hyperactiv
ity 49-52
troumatic (mm:h 65-71

metabolism in.  See \M.

57-50

neurogenic 259
oxygen in treatment  263-266
pumo&orlc findiogs, 121-138

245
urbances, 2444 213
230-242

213

ysiologle dst
g‘eveuthld 218-229
44 236200 273
n:r;al el
186195
lcqurl-n. 173—195

mblc(hll l7J 195
surgical 218

theories, 3364
treatment 263-293
6367

107

Stagy, 1 46-39 52, 69 123 131
173 178 110 245 252 253 1265
Status | haticus, 200-204
ytc“? m ndreml cortical defi

Stimulants trmxrnent 264
Strunpulation of bowel 238-239 245
151

Sublethal shock 173-105 240 262
edema in 173—1&; 185
meumonia n -
renal functioanl deficiency in, 186-

9

195
buifa drugs n wommds, 226 237 241
Sunstroke 146
20

Svmpatho-adrenal {unction
hyperactivity 49 54 211
Symptomatic trentment  263-264
Syniope 4 256-200 165
T

Trasmwal See Poeurno-
nia t

Thymlc hyperplasin, 198 201-206
mAdd.uon: dmse 208
Timue extracts, 73 75
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Pathologic findings 1 shock, anaphy-
lactic, 156, 158
anaphylactod, 158-159
diabetes, 166
icterus gravis, 166
infections, 169
influenza, 169
m Addison’s disease, 204-205
i adrenal cortical deficiency,
196~-197
in burns, 138, 140, 144
n chimical shock, 126-129
m experimental shock, 122-126
in extrarenal urema, 189-190
mn fsradlatlon sickness, 148, 151,
3
m status lymphaticus, 201-202
1 sublethal shock, 173-177, 185,
187, 189, 192
1ntestinal obstruction, 163
mercuric chlonde poisoning, 160
obstetric shock, 168
pancreatitis, 165
transfusions reactions, 162
various causes, 210, 212, 213,
220, 245
Pectin 1n treatment, 278
Peptone, 73, 79, 244, 246
Peripheral circulatory failure, 44, 229
See alse Shock
Permeability, capillary, 80, 173-177,
245

cellular, 31, 35-38, 199, 200, 267
endothehal, 17, 31, 34, 37, 4548, 69,
70, 71, 72, 80, 199, 253, 289
Peritomtis, 165, 2435, 249
Perspiration, loss of fluid by, 228
Petechial hemorrhages, 19, 46, 48, 75,
146, 156, 196, 203, 207, 213, 245
Phenobarbital, 110  See also Barbitu-
rates
Phosphorus poisoning, 247
Pigmentation, 131, 178
Plasma or serum 1 treatment, 224, 227,
270, 271, 272, 274-276, 282-
293
desiccated plasma and serum,
283-266, 288-292
substitutes for, 272-282
volume, 46, 72, 272
Plasmaphercsis, 18
Pneumoma, terminal, 167, 168, 177-
185, 220
acute infections, 182
after anesthetic and hypnotic
drugs, 180
after burns, 179-180
after poisoning, 183-185
conditions of occurrence, 183-185
hvpostatic, 178
in Addison's disease, 204
m animals, 184
in extrarenal uremia, 190-191 *»

INDEX

Pneumonia, termunal, in infections,
170, 182, 240
morphologic features, 177-178, 180
pathogenesis, 177
postoperative, 178-179
Polycythemma vera, 243
Pressor effect, 81, 84-85, 91
Primary shock, 52, 256-260, 269, 273
Proteolysis, 240
Pseudo-shock  Sec Primarv shock
Psychologic influences, 208, 210, 218§,
225, 256, 259
Pulmonary edema, 174-177, 185, 186,
213, 290  Sec alsoe Edema
Pulse, 25

R

RapiaTioN sickness  See Irradiation
sickness
Renal function, 17, 22, 3842
deficiency, 24, 44, 119, 162, 204,
240, 262
in intestinal obstruction, 163
1n irradiation sickness, 153
i sublethal shock, 186-195
Reserve alkalimty, 30, 40, 61-62, 219
Roentgen irradiation, 51 See Irradia-
tion sickness

S

SALINE solution 1 treatment, 277
Secondary pneumomia  See Prieu-
monia, termnal
Selective distribution of circulation, 212
Serdsa Entzindung, 131, 174
Serum, 235, 259, 274-276, 282-293
See also under Plasma
Shock, adrenal cortical defictency, 197
hormone 1n treatment, 266-269
after sympathectomy, 76
agents and conditions causing, 121-
126, 174, 208, 218, 244-248, 250
anaphylactic, 79
anesthesia contributory to, 110~113,
218-223, 244
blood pressure, 24-25, 255
charactenstic features, 2344
chnical features, 24, 95, 213
coagulability, clotting time, 104
contrasts with hemorrhage, 108, 260~
262
contributory factors, 57, 67, 77, 111~
112, 208, 218
defimtions of, 4244
diffierential diagnosts, 255-262
epmnephrnin, 48, 263-264
experimental, 121-126, 163
flud balance, 16-19, 104
from coronary occluston, 208, 211,
292
" from potsoning, 158-162, 247249
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Shock {rom trnsfusions, 1
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Pathologic findings 1n shock, anaphy -
Jactic, 156, 158
anaphylactoid, 158-159
diabetes, 166
iwcterus gravis, 166
infections, 169
influenza, 169
in Addison’s disease, 204-205
n adrenal cortical deficiency,
196-197
n burns, 138, 140, 144
in climeal shock, 126-129
n experimental shock, 122-126
1n extrarenal urema, 189-190
m ;rradmmon sickness, 148, 151,
53
in status lymphaticus, 201-202
m sublethal shock, 173-177, 185,
187, 189, 192
ntestinal obstruction, 163
mercuric chloride poisoning, 160
obstetric shock, 168
pancreatitis, 165
transfusions reactions, 162
various causes, 210, 212, 213,
220, 245
Pectin 1n treatment, 278
Peptone, 73, 79, 244, 246
Peripheral circulatory failure, 44, 229
See also Shock )
Perrncngmty, capillary, 80, 173-177,
24
cellular, 31, 35-38, 199, 200, 267
endothehal, 17, 31, 34, 37, 4548, 69,
70, 71, 72, 80, 199, 253, 289
Peritonitis, 165, 245, 249
Perspiration, loss of flmid by, 228
Petechial hemorrhages, 19, 46, 48, 75,
146, 156, 196, 203, 207, 213, 245
Phenobarbital, 110 See also Barbitu-
rates
Phosphorus poisoning, 247
Pigmentation, 131, 178
Plasma or serum 1n treatment, 224, 227,
270, 271, 272, 274-2176, 282-
203
desiccated plasma and serum,
283-266, 288-292
substitutes for, 272-282
volume, 46, 72, 272
Plasmapheress, 18
Pneumomia, terminal, 167, 168, 177-
185, 220
acute mnfections, 182
after anesthetic and hypnotic
drugs, 180
after burns, 179-180
after poisoning, 183-185
conditions of occurrence, 183-185
hypostatic, 178
n Addison's discase, 204
i aramals, 184
in extrarenal urema, 190-191

INDEX

Pncumoma, termunal, 1 nfections,
170, 182, 240
morphologic features, 177-178, 180
pathogenests, 177
postopcrative, 178-179
Polycvthemia vera, 243
Pressor effect, 81, 84-85, 91
Primary shock, 52, 256-260, 269, 273
Proteolysis, 240
Pseudo-shock  Sec Primary shock
Psychologic influences, 208, 210, 218,
225, 256, 259
Pulmonary edema, 174-177, 185, 186,
213, 290  See also Edema
Pulse, 25

R

RADIATION sickness  See Irradiation
sickness
Renal function, 17, 22, 38-42
deficiency, 24, 44, 119, 162, 204,
240, 262
1n mtestinal obstruction, 163
i 1rradiation sichness, 153
1 sublethal shock, 186-195
Reserve alkalinity, 30, 40, 61-62, 219
Roentgen 1rradiation, 51 See'Irradia-
tion sickness

S

SALINT solution m treatment, 277
Secondary pneumoma  See Pncu-
momnia, terminal
Selective distribution of circulation, 212
Serdsa Entzindung, 131, 174
Serum, 235, 259, 274-276, 282-293
Sce also under Plasma
Shock, adrenal cortical deficiency, 197
hormone 1n treatment, 266-269
after sympathectomy, 76
agents and condttions causing, 121~
126, 174, 208, 218, 244248, 250
anaphylactic, 79
anesthesia contnibutory to, 110-113,
218-223, 244
blood pressure, 24-25, 255
characteristic features, 23~
clinical features, 24, 95, 213
coagulability, clotting time, 104
contrasts with hemorrhage, 108, 260-
262
contnibutory factors, 57, 67, 77, 111~
112, 208, %122_44
definmitions ol,
differential diagnosts, 255-262
epinephrin, 48, 263-264
c:\pcnmcntal. 121-126, 163
fAwd balance, 16-19, 104
from coronary occlusion, 208, 211,
292 _
from poisoning, 158-162, 247-249
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Shock from transfusions, 162 ’I‘hmmmuqtbocl noceeptive
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Vaughan's crude potson, 73, 79 'Vomiting, 24, 81, 108, 114
Venom, 74 735, 161, 248, 251 " 1n burns, 136

Venous pressure, 20, 25~-26, 46 58, 63 cffect on lud balance, 164
Vieious errcle, 21, 52, 208, 255, 267, 272,
286, 290
Visceral changes 1n shock, 103, 121-134 W
See alse Pathologic changes

after burns, 138-140 Water balance See Fluid balar
after hemorrhages, 103 Water content of tissues, 103, 1
m Addison's discase, 204-206 Wheals, 70 71

‘

in adrenal cortical deficiency, | Wounds, 230-235
196 f débnidement, 226, 232-235
n anaphylaxis, 155-156, 158 immediate treatment, 225-226
m heat stroke, 145-147 I fections 1n, 226
i irradiation sichness, 149-153 local antiseptics, 226
mn shock from diverse causes, 213 | types of, 230-231
m status lymphaticus, 202-203
i terminal pneumonia, 177, 180
Viscosity of the blood, 48, 52, 72 X
1 anaphylaws, 156
Volume flow, 21, 27, 31, 44, 52, 33, 36, ' X-ray, cffects of See Irradiation
208, 210, 211, 255-256 i ness






