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THE ROLE OF THE CENTRAL NERVOUS SYSTEM 

IN HEMORRHAGIC HYPOTENSION 

ABSTRACT 

" 

"'The effect of head elevation during 150 mi,n. of hemorrhagic hyp~- ( . 
tension was examined in unanesthetized dogs, as compared with animals in 

; , 

which the head was plaeed at th~ level of the aortic origine Head e1evation 
, . 

c~sed a more rapid onset of severe neurologie impairment to supervene during 

~ hypotension. together w;th significant lower;n~ean pH and greater 
) 

. t 

mortality. This may suggest that severe cerebral ;schem;a during shock 

augments reflex peripherar alpha adrenergie activation. Bradycardia oceurred 
• l ' 

in 7 of 16 animal s duringe the hypotensive interva1. Six of the 7, affected 
~ 

animtTs were from the head-g:levated group. while all ,had .signs.of marked 

neurologie deterioration; 100% of, these animals.,.died dunng post-shock 

mon; tor; ng. Concomitant.,; observat,iùns of ~cel erated!bl ood uptake after 
~ .""' 

prior disappearance' of p~asic vasom~tor ac~ivity, ~~d of reduced total' 
l' 

peripheral t"esisiance following retransfusiori, suggests tha,t prolonged 
~ 1-

e cerebral ischemia i'ncurred during hemorrhagic shock may g'iv'é rise to anD 

.. 

... ~ 

eventual decl ine in both ,alpha and b-eta adrenergie activit'les . 
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"The human mind 15 •.•. a most imperfect apparatus ; 

for the elaboration of general ideas •••. General 
. .' \ " 

impression~ are never to be trusted. Unfortunately, when th~y 

are of long s tandi ng. they become fi xed ru l es 'of li fe, and 

1 assume a prescrî pti ve ri ght not to be ques ti oned . . • 
" 

But it is the triumph of scientific men to fîse supèrior to 

such superstitions, ta devise tests by whièh the values of 
'. . 

beliefs may be ascertained, ànd feel'sufficiently masters of 

themselves ta discard contemptuously whatever may be found 
. 

untrue • • '0' t~~" (requent incorrectness of notions derived 

'from general flfipress10ns may be assumed •••• ,,(86) 
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Chapter 1: 
'A 

PREFACE 

The term II shock", with its several connotationS~ classifications, 

and modes of "treatment, has been one which remains singularly difficult 

to characterhe within an all-inclusive definition. ,In trying to encomp,a'Ss 

the major etiological ~chools of thaught in this regard, Pierce(203) 

recently has offered a most comprehensive description of this entity: 

If The shock syndrome seems best defined as: A state of prolonged circulatory 

" '- ~ deterioration, initiated by damage to one or more of the èomponents of the 

~circulation, perpetuated by multiple endogenous factors and resulting in 

inad~quate tissue perfusion and death of cëlls." The notion that the 

consequences of the shock,state largely may be influenced or perhaps even 

engendered by a specific component of the circulatory sy~tem has been 
,.-

championed by several investigators, each propounding as being of over

rlding importance'the parti cul ar(ShOCk organ" in questi on. (46,100,162,234) 

A more sweeping viewpoint, emphasi~ing the importance dUr;ng shock ~f 
. '-

'generaliied cellular dysfunction,'recently also has become prominent, 

and Schumer has sunmarized this concept by labell'ing shock .a "molecular 

disease". (232) ~ 

Regardless of onels ,theoretical preferences. however, it may be 

stated that the re1evance of the central nervous system 1n the evoluti~n 

-

of the shock syndrome has continued to be in question. Although considerable 
• c 

knowledge has accumulated concerning the secondary effects of shock on the 

brain, in addition tO,the impact of both destr 
1 

central nervous structures on the course of the ShOCK tate, this infor-

mation has yet' to be in'corporat~d into a frame of 

more cogent analysis of· pertinent central rlervous influences JY be deduœd. 

1 , 
r 
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In the approach to this problem, the present work util1zes as the 

method of choice that form of shock eventually precipitated by volume

dep 1 et ing hemorrhage. The mode l' chosen ~ sone based' on the Wi ggers 

tec~n;que(26l) as modified by Lamson and DeTurk(151). Here. animals 
1 

are bled inta a reservoir until a predètennined arterial pressure level 

is attained, and are held at this level for a set period Of time; 

alterations in arterial pressure are accommodated by an open communication 

between the reservoir and the bleeding artery. which allows continuous 

equi1ibration of pressur:e changes. If arterial. pressure falls, blood 

is "taken up" From the reservoir-, and conversely enters the reservoi r 

w#n the pressure rises. At the end of the desi9nated hypote,nsive period 

the blood remain;ng in the reservoir is reinfused;' the animal may then 
, 

either survive, or over a period of several hours succumb ta "irreversible , 

shock" . 

Certain aspects of this experimental model may be justly criticized., , 

Apart from varied reactions to severe hemorrhage which are acèountable, 

ta species differences alone5 268), it remains open to question whether 

events in the latoratory can usefully"be related to the clinical shod 
4 y 

situatjon as it ex;sts ;n man. The concept of irreversible shock, for 

example, has been emphasized by Moore(180) 'as applicable onl~ ta "certain 

laQoratary phenomena; it is a term which should not be used ;n~linical 

surgery because it connotes an attitude of hopelessne'ss wh; ch may cost 
>\, ) \ 

the patient's life". Wei1(25B later confirmed this viewpoint by stating: 
, \ 

,1 

Il Irreversibilit y ;s properly regarded as a statistical tenn. indicating 
. 

likelihood of fatal progression of shock and failure to r 

exper;rœntal animal. . . The concept 1s only rneaningful in the experi-

mental laboratory in which a well-defined experimental" technique ;s:\(sed to 

• a 

.~ 
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produce shock with a statistically predictabl'e mortality". Other compli-

cating factors' are those introdu~ed by ~nèstttes~a(61.,'267) and traumatic 
, (73) , " , 
preparative procedures., both of which are known to affect the results' of 

",' - ,-~ 

experimental studies ~t6\y significant degr~e; in addition, the inevitable 

exposure of reservoir blood to air and glass may alter plasma proteins ' 

and generate vasoactive substances which are capable of causi~g later 
J . ". { , . , undesirable effec~(15B). ~ 

In tending to bring i'h~ experimental prQCedUr~loser to the 
\ 

clinica1 c;rcumstance~under which hemorrhagic shock OCGurs in man, 

the present model névertheless has certain definite advantages. Stüdies 
• . 

.. were performed in unanesthetized al'fima1s which had been subjected to ,-

minimal prepara~ive surgical intervention. Hemorrhage was induced with 
1 

dogs in the standing position; recent work by Desai et al(54) has 

.~ated that thi: unanesthetized animal ~s able to w~thstand hypo- .... 

tensi9n in"this position for several consecutive hours. ~ssuming' 
1 ' - - 1 

therefore that in making th~ control and experJmental comparison the 

above-mentioned encumbering factors are equa1ized, significant differences 

e1icited in relation' to manipulation of a single variable are not 

necessarily in~~id. . . Thus, while the course of hemorrhagic hypotension ~ 
" 

. , 

is manifested s~~~t differently ,ln the tanine species as compared to 

man, within cer~~fi\nable limits.g.the bas~c pathop),ysiologica1 reactions 
1" 

to a hypotensive stress remain universal. Whethe~ the conclusions of an ) -
. experimental study( have pertinent implications in t~e search for improved 

methods of treatment must await their painstaking evaluation bath through 

fu'rther experimental documentation and in applied clinic>al research. 

The purpose of the present investigati~n, then, was ta observe the 

cliniea1 neurologie 

\ 
and hemodynamic consequences of the cerebral ischemia 

'-

f • 

1 

,-
1 
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which inevitably occur,during the course of hemorrhagic hypotension and 
~ , 
~o~k. Cerebral ischemia during hypotension was augmented physiol~g;cally 

eby the use of hèad elevation, and the effects compared to the res!;!lts of 

cephalic d~pendencYeunder sim;,lar circums~ances. By a.pplying the. 

cl in; cal neûr~logi.c p4ctu~e as ~n index of the severity of· cerebral »lood 
J \ 6 

deprivation during hem0.rrhagic shock, t'he s;gnificanCQ. of central nervous 

iSGhemi~ as a contributor to concurrent hemo~ynam;c, plteration~ ,was '. 

hopefully to;be appréciàtèd. 

;/'-
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Chapter III 

,HISTORICAL REVIEW 

Implication of the central nervous system as a prepotent 

infl uenc~ on the syndroÎne known ~ 
nerally as shock has hadJ at best, 

, ' 

' ... 
a sporadic ~y. conflict of opinion~ 

should retain a primary or secondary role in 

a controversy which in sorne respects persists to the 

The following 1s a b'ief historical review outl1)i~ 

held by these basic opposing viewpoints in the shaping of 

modern ~ock concepts, with the emphasis placed on that type of hypo

tensive shock due specifically"to hemorrhage. 

", 
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AH Effects of hemorrhagic hypotension directly on the central 

nervous system. 

" 
In his treatise on "constitutional irritation" ,and other related 

subjects, Travers(248) described shock and prostration as being due 
.' 

primar~ to the impact of untoward events directry on the brain, w;t~ 

subsequent effects bêing exerted on the function of other body systems; 

this concept was propounded by later authors as wel1(112,135). In an 

exhaustive historical review, Wiggers(261) cited th~olution of ideas 

leading to development of the first comprehensive theory of shock etiology: 

that.of exhaustion of the medullary vasomotor mechanism with resultant 
l ' , , 

vasomotor paralysis. Thus, despite a lack of definitive evidencê until 

the turn of the century, circulatory failure with pooling of blood in 

the intra-abdominal vessels and subsequent hypotension were regarded as 

the sa]ient features constituting the shock syndrome. Although sorne 

argued that shock, with its attendent signs such as hypotension and 

general insensibility, was due principally to inhibition of body 

systems(105,l77), the concept of vasamotor failure was further strengthened 

by~ile(45), who established the experimental method as an essential 

avenue"toward progress in this area. Using the dog as his basic laboratory 

preparation, Crile became convinced that a low blood pressure was the 

sine qua non of shock symptomatology. His conclusions gave scientific 

respectability to the conjectures of earlier investigators: "If the stimuli 

are so intense that the brain céH s become so damaged as to be unable to 

perform their work, the condition is commonly designated shock ... in 

(vasomotor) exhaustion, the function of the brain ce14s was impaired before 

the blood pressure fell". 

Crile(ls theorYt however, was destined ta be disproved on toth of 

/ 

\ 

; 
1 
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its basic assumptions. Porter and"Quinby(207), in a summary of experiments 
, 

relating te excessive stimulation of affer~nt nerves as a cause of low 

blood pressure and shock, concluded .that such afferent nerve activity 

could at no time be shown to produce hypotension; additionally, in 

fin9ing that stimulation'of the central end of the vagus nerve could 

raise the bleod pressure at any level of hypotension, ~li9 and Lyon{233)) 

disproved the exhaustion theory decisively. In his ~Ograph o~ traumatic 

shock, Cannon's(29) viewpoint reflected the gradual trend away from consîd-
'" 

eration of the brain as a prime factor in the development of shock; thus, 

whi~e he cencurred with accumulating evidence that vasomotor exhaustion 

was- not rWponsible for hypot~nsi9~(134), he did feel that its prolonged 

presence might eventually be detrimental te the brain: 

Nevertheless, the theory of excessive afferent nerve stimulation 

as a cause of central nervous depression and subsequent shock ~ad become 

promi,nent in the years surroundi og the turn of the century, a 1 thoug~ 

having especial applicability ta trau~at;clvs. hemorrhagic shock. Worth 

mentioning in this regard was the detrimental influence of superadded 

hemorrhage noted in experiments where,afferent stimulation either , 

preceded or was combined with the bleeding episode. ~us, Phemister(201,202} 

found that either situation ,shortened the survival per~, while Overman 
Q 

and Wang(196) a1so cohcluded that strong sc~atic ~timulation in the dog 

during sublethal hemorrhage resu'lted in a higher mortality rate than w;th 

simple hemorrhage alone. That these undesirable effects ~ght have been 

due to a cumulative sympathetic vasoconstrictor response precipitated by 
, 

~oth hemorrhage and afferent nerve stimulation was not appreciated at that 

time: 

m FI; 'r~ ,~J_, , • 

Dr 
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More recently, numerous pathological studiès have added to a 
~ 

growing body of knowledge concerning the direct effects of hypotension 

and shock on the central nervous system. In contra st to Mott l s(184) 

early description of medullary chromatolysis due to hypotension of 

diverse cause, it has since been recognized that, in general, the more 

rostral parts of the neuraxis are most susceptible to ischemic or 

anoxi'c insult, whereas in proceeding caudally to the level of the medulla 
0\)0 ., 

,-blongata, relative resistance to such stress, increases(l~5). Using drug-

induced hypotension in dogs combined with hèad-up tilt, Lewis ~nd Zingg(157") 

have demonstrated cellular and myel;n degeneration most commonl~ in cortical 

and subcortical tissue, including the centrum semiovale, basal ganglia, 

and hypothalamus; notably, the cerebellum and brain stem were never affected. 

In his series of experime~ts on the pathological ~equelae of cerebrovascular 

hypotension, Brierley has further established both in mOnkey(23,24) an~ in 

man(3) that those cortical a;eas most vulnerable to ischemic-anoxic change 
& ~ 

are watersbed zones where regions supplied by two major vassels overlap. 

Brierley conc,luded that these boundary zones are particularly vulnerable 
, ,.. 1...\' 

since they are most remote from parent arterial resources and thus may 

be affected especially by seve,re, precipita-ie--reductions in cerebra1 blood 

flow. These findings appear to coincide with the distribution of c,rebral 

blood flow during shock; in a study of differential capillary circulation 

) under these coridi ti ons, Kovach (147) found the mos t pronounced changes 
fi 

to be ischemia of the cerebral cortex associated with a breaking up' of 

capillaries, while the vas~ular pattern was better maintained in the 

diencephalon, cerebellum, and brain stem. 

ln con~rt with structural changes occasrioned by hypotension, one 

might reasonably expect that both measured cerebral blood supply and 

\ ~ 



! 
l 
1. 

( 

( 

( 

• 

-8-

neuronal metabol ism would be adversely affected. Thus, several studi"es 

have d'emonstrated that cerebral blood flow falls durin9 severe hypotension, , 
in experimental animals,(146,178,215,216), as well as in man(69,75,18~46). 

In this connection, although the arter~venous oxygen difference across the 

brain increase5(69,246), 50 that èerebral oxygen utilization may r~main 

constant(69,75~220)with prolonged hyp;tensio~ bath variables, including 

cortical tissue oxygen t~nsion, may decrease(69,146,149,l85,250); since 

this derangement, occurs despite a qreater oxygen extraction theoretically 

being possiblet69 ), it has been suggested that impaired cerebral metabolism 

at such times may contribute to 'irreversible cerebr~-cellular de~~rioration(69,70). 
Reflecting the onset of altered oxygen metabolism during hypotension, 

Kovach and FOnyo(·147)have reported that cerebral glucose upt~ke and energy-

rich phosphate content diminish in the terminal stages of shock. Further-

more, using isolated cerebral slices whic~ were subjected to pH decrements 
, ' 

as might be encountered in clinicaJ shock, acidosis was found associated 

~ith lmpaired ability of these slices to pr~serve their normal ATP content, 

and since lactate production had a150 declined, it was postulated that 

the low tissue ATP values could have been secondary to its decreased 

Synthesis(247); that nervous tiSSue acidification probablyOoccurs during 

hemorrhagic hypotension has been borne out by findings of decreased cerebro

spinal fluid pH under these circumstan~es(239,245). Of additional importance 

are reports of increased cerebrospinal fluid potassium and pseudocholines-

terase levels incurred during hemorrhagic shock, which may De suggesti~e 
" 

of concomitant neuronal injury(239J; because the cerebrospinal flu;d 

pressure is elevated after reinfusion of blood, despite low terminal blood 

pressures, one manifestation of such in jury may be cerebral edema(240) . 

. Considerable neurophys;ological evidence has also accumulated which 

implies that cerebral function is impaired during hemorrhagic hypotension. 

The amplitude of spontaneous electrocortical activity becomes reduced with 

. .' 
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à decline irL.b.l9od, pressure(147), often progressin~ to relative electro- " 

cerebra'l silence as systemic arterial pressure reaches 30 - 40 mm Hg(176 ,259). 

Return of . .activity correlated ,reasonably well wi~ the 'duration 'of 
, 

hypotension; a short latency perl0d to restoration of function was 

directly re1ated to a good prognosis for
J 
full re~overy(147,176). Othèrs 

have demonstrated that if treatment ;5 not instituted soon after the 

electroencepha10graphic appearance of continuous high-voltage, low 

frequency delta waves dur~ng hypotensive hemorrhage, subsequent mortality 

becornes prohibitive{74}. However, sorne workers consider that evok~d 
, , 

cortical potentials are a more sensitive indicator of cerebral nervous 

'irnpairment than is-the electro~ncephalogram under these circurnstances(173,176), 
" 

Full recovery of evoked potenti al s preceded' return of spontaneous acti vit y ; 

c~nversely.failure of evoked poteritia1s to reappear reflected cortical 

neuronal damage, which was substantiated by dernonstrable rnorphological 

detert'oration. There also appears to be a relatively ear1y detrimenta1 

effect on mono- and polysynaptic reflex activity w~ich occurs during 

hemorrhagic hypotension; mu1tisynaptic pathways have, been found more 

sensitive ta the effects of blood 'loss and consequent'~ ,are ren~~red non-
\ ' 

functional more quickly than are monosynap'tic re-flex Ù2~'(181, 182). Whén 
, 

the latter do disappear after prolonged hypotension, they are also the 

first to recover, while the more complex reflexes may,~ot reappear at 
, , 

all(182'. Pet'erson and Haugen(l99) have determined this 'failure of 

recovery to be a reliable ?uide ta the onset of the "irreversibly shocked 

state" .-
, , 

,t 
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B.' Peripheral effects of 'compensatory srfwpathetie altel"ations ln 

, hemorrhagie hypotension. . 
Whi1e the,prevai1ing v~~~t the turn of the eentury centered around 

the brain as tM primary culprit in" the genesis of shock, at the same time 
(, t\p,n'! 

, , 

the rudiments of a more modern school of thought were,gradually being forged. 

Both Savory(231) and LeGros 'Clark(37) maintained that shock from hemorrhage 

first depressed the cardiovascular system while other body orgaRs, including 

the brain,owere' adversely affected'in a purely passive way. Cannon(29) . , 

summàrized the thoughts of succeeding pundits(65,105,~70) in concluding 

that hypotens;o~ affeeted only sec9ndarily the bulbar nerve centers, 

which were assumed not able to recover should the shock state persist for 

~OlOng~d periode 

, The association of increased autonomie nervous activity with clinical , ' 

.: h.emorrhag~ shock was ..,. ,~ 
probably first opserved ~y Marshall Hall(1l6). He 

pointed out that 1055 of blood led "to lIinereased power and energy of the 

system, and of increased action in some of Hs organs •.• 11. Horsley(127) 

noted that hemorrhage resulted in eonstrictioh of vessels, and eoncluded 

f further that the eventual end resült was vascular paralysi s due to bulbar 
~) 

nerve center insuffieiency. Others(20,168), in speculating on shock theory, 

also made reference to the occurrence of vasoconstriction during shock . 

o Howe ve r. it w,as no tU" Ù 1 tre per;us ion e xpe rr'" ts of Cope ( 43) and 

~ Pilcher(2P4) that definitive ex~erimental evidence of vasocon~triction 
-, ::. 

during controlled hemorrhage wa~ d~·2umented. Subsequent experimental 

, work wlis in accord with this obse~tion'(19,28,92,260), and in \ lengthy 

revi~ of the then av,ilable data on shock, Ha~~ins(l17) de~ueed that 

n-Adren~ medull ary overaction' with (seconda;~ overaction of the 

sympathetic .!1·ervous system and peripheral vasoconstriction deffnitely is 

/ 

,. 
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a factor in shock. Il -

• 1 

" As knowl edge of autonomi c mechiinî sms expanded; therefore, sympatheti c 

activation during hemorrhagic hypotension was generally recognized as more 
-

than simply a prrY5iological curiosity. The beneficial nature of initial 

sympathetic actiyation in providing a normalizing cardiovascular comp~n

sation for a hypovolemic episode ~s now'a we11 accepted fact(35,36,133), 
, . ' 

This ea~ly autonomie response to hemorrhage is instrumental partieu1arly 
, 

in shifting a larger proportion of blood flow in 'favor of vital areas., 

Thus, coronary vascular resistance is known to decrease after blood 

10ss(1)0,128,137), a1though Corday and'Wi11iams(44), using flowmeters 

in anesthetized dogs, found the opposite to occur. These latter ' 

measurements were, however, taken very soon after bleeding; in.this 
'/' (104) " 

regard, Granata a1so noted an initial increase in coronary resistanee: 

but further monitoring revea1ed a subsequent fa" below control .leve1s 

which continued throughout most of the hypbtensive period. 
, 

Under hypovo1emic conditions, the brain also receives a proportion-

ate ly greater share of the reduced cardi ae output as eompared to its p,re

hemorrhage a110tment(l37,178,216,241). This at first appears to confli€t~ 

with findings demonstrating decreased blood flow in the common and interna1 
i 

carotid arteries of the dog after hemorrhage(44,72,122); however, Rittman . . 
and Smith(215) have noted t~at b100d f10w decreased considerab1y more . ~~ 

r~ . 
in the carotids than in the vertebral vessels under these circumstances, 

and have rigrt1y emphasize~-that this fact must ge eonsidered since the 

dog receives approximate1y 70% of its total cerebral b100d flow via the 

vertebrobasilar system. Of importance in protecting intraerania1 tissues 
1 

after b100d 1055.i5 cerebrovascu1ar autoregulation, which serves to 

promote blood redistribution fav~urable to the brain and thereby prevent , 

a drastic fa11 in absolute cerebral blood f10w(63); however, autoregulatory 

~ 
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t 
pracesses apparently become unable to cope with blood pressures less than 

60-70 l11ll Hg(120 t 15<4)' and as previously mentioned, this more severe hypo

tension results finally lfl a diminished cerebral blood $upply. Al~o 

noteworthy in affording the brain protection during hypotension may be 

the limited nature of cerebrovascular sympathetic inneryation. In an 

extensive review of current concepts regarding the'intracranial autonomie 

vascul~r apparatus, Nelson and Rennels(188) ,~oting the conflicting 

results fram studies of cerebrovascular responses to altered#sympathetic 

activity, concluded: IIIntimate .erve-mu~,cle relation~hips have been 
, . 

observ~d only near the peripheral margin of the outermost layer of the 

media. Nerves have notobeen reported ta have penetrated the media; 
, 

therefore, tôe majority of smooth muscle cells must be without direct , 

" " innervation ll 
• 

----s 
Redistribution of blooa flow to the heart and brain after b100d 

1055 i~ ,due nat only ta decreased vascular resistance and autaregulation 

-in these argansi but a1so ta marked vasoconstriction in vascular beds 

less immediately vital to survival. This is particularly true concerning 
,~ 

the regional circu~ations of the skin{36,68,133), mese~ery(2,2~8), and 

skeletai' muscle(1,167~198,222). As wel1, most flowmete'r studies have shown 

that "renal bl~od f;aw is reduced after hemorrhage{1,44,72,110,241), although 

1 vascular aotoregulat10n may result in a considerable attempt ta preserve , 

blo.od flow in the initial sJages i"hypotens;an(122,137). In general then, 

at least in the exper4mental an~al, most have faund that overall peripheral 
tI ." 

resistance rises during hemorrhagic hypotension(27,54,128,221,256); whi1e 

it was known that -this rél'ates to, a cardiac output which decreases out of 

proportjon ta the fa-l1 in blood pre'ssure(35,122), recent worlt1 coinparing 
ce 

tpe respons~ of intact and sympathectomized dogs has confirmed thàt ~ith 
. 1 
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" severe hemorrhage, this generalized increase in vascular resistance must 

be due ma'inl";. ta ;ntensifi~d sympathetic activity(34). On the other hand, 
" ~ 

some have demonstrated ~nconstant measurements of total peripheral 

'resista~ce with blood 10s5(115,212,262), In this connectian, Folkow(79) 
, 

has observed that various vasoconstrictor neuron pools supplying functlon

ally different va5cular beds have both diffe~nt levels of exci~b;lity, 
" , 

and. varying thresholds to excitatjon. These inconstant vascular resistance' 

findings may therefore relate to' thè' consequences of di~simi1lr ~xperimenta,l 
) , ~ 

protocols(221) with subsequent effects on diffe~ent;al patterns of vaso-
~ , ... . 

- constrictor fiber discharge. 

Augmented sympathetic activity also influences both the inotropic 

and chronotropic cardiac responses ta hemorrhage. Th,e heart rate is 
- ' d., (36 54 115 212 221 261)' , known ta accelerate under these condltl0ns ' , , , , ; ln 

the unanesthetized dog. contro11ed' bleeding results in an initial ~achy-
" . 

cardia which, after a transient fa11 to control levels, increases 

progressively(227), That the positive chronatropic reac:ien of the 

heart may be accountable ,to sympathetic ac~vation has been cQnf.irmed 

by the recording of simi1a\ responsei to direct stimulatlon of the 

cardiac efferent sympathetic nerves,(6,Z08,224). In a comparable manner, 
" 1 

such stimu1ation a.lso produces both an elevated intraventricular(224) and 

pulse pressu~e. the latter due primarily ta increase in its' systolic 

component(6,208). Since surgical elimi~ation of systemic vasoconstriction 
, (219) , 

1 ~id not significantly alter these parameters, Rohse conc1uded that 
• (JI 

the s ource of these re'sp~nses must be an augmented force of myocardi al 

contraction. During hemorrhâgic shock, inferred findings of'ïncreased 

yentricular contractibility are consonant w;th a similar prominent 

sympathetic participation(252), 

• 
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In conjunction with changes in the efferent rimb of the systemic 
l' 

circulation, the compensatory n~re of sym~athetic act~vation with hemorr-
r ' < 

hage is a1so particu1arly evident in consequent alterations of vascu1ar 

capacity, In his monograph on the venàus sy?tem, Franklin(82) summarized 

,. the work of ear1ier inves'tigators, as wel1 as ~is own observations, 

which affirm that direct sympathetic nerv~ stimulatioQ resù1ts in con-
li< 

stri~tion of largt:v.fins. More recently, ,it has been demonstrated 
.- ~ 1 

that the s 1er veins are also capable of active constrictton' during 

ItImbi~~~atheti c stim~l ati~~ (~~, 140.) , wi'th similar neurogen~ c control 
• 

ng down even to the 1evel of the pre-capillary sphinctér, itself 
, r 

vely closing down during low tlow states{40,124}. 8100d 10ss has 

been shown to simulate the effects of %uch Qirect sympathetic activation-

"in promoting venoconstrictionb.;r.,56,.175,236), It has been estimated 'that 

as little as a 1-2% decre~e in venous capacity ~ould double venous 

return to the heart, whereas similar constriction of arterioles wou1d , 

have neglig1ble effect~{120}; because the venous system, inilud~ng ~11 
, , 

channe1s beyon9 the captllaries, contains approximately twp-thirds of the 

total blood vo1ume(106), the p~tential of a decreasing venous çapacitance 

for mobilization of blood reserves during hemorrhage must indeed be 

considerable(200}. 
, 

Homeostatic compe~satipn in the face of b100d 10ss is also influenced 

by the effects of adrena1 medullary catecholamine secretion .. EpiMphrine 
, 

concentrations have been found to inçrease many-fold in the circulating 
~ . 

blood under these circumstances{~5.109.229)., while concomitant norepine-

phrine release was d~,~tinctlY more 1 imi~d(1.69,25\,255). These ~tec~ols 
have been measured in similar proportions in adrenal vein blood during 

hemorrhagic hypotension(96.251}, which suggests that their major source 

7 

( 
:'W ' 

Ç-' fi , • 



( 

1 

-15- ---
~ . 

of 1iberat~ is the adrenal medu11a(254). There is stj11 sorne dispute 

as to the degree Of influence which [irculating\catecholémines exert on 

re1ev~~target organs as compared wjth their direct sy,mpathetic innervation. 

On the one hand, chalmer's expériments(33) in the unanesthetized rabbit 

have demonstrated that reflex increase in sympathetic nerve activity 
• _ r J 

and in adrenal medul1;ry secretjon may be,of a1~ost equal imporfance 

in cardiovascular·control aft~ hemorrhage. However, using thelnormally 
.) . 

innervated or sympathectomized pupil and nic~itat;ng me~rane of the 
, , 

cat as ... indices '~ sympathetic neuronal and adrenal discharge respective1y, 

--'G;,î'hOrn (892 cou1 d not corroborate the i dea that adreno-medu1lary 

secretio~upportive to direct neurogenic discharge unde~ these ~ 
circumstances. Lending support to this conclusion was Folkow's 

finding(78) that stimulation of the cardiac sympathetic nerves in the 
~ ., 

of"'--\;' l; 

1 same animal had a much stronger effect on heart rate than did adrenal 

. .. 

medullary catecholamine rélease at simi'là-r levels of sympathoadr~nal " , 

activation. The extensilve investigations of Cel'a~der(3l), assess~ng the 

relative~ontribution of each O~ these aspects of sympathetic regional 

blood flow control have also led him ta ~onclude that direct vascular -sympathetic inner~ation exerts a much wider control over relevant blood 

vessels compare~ to adrenal medu~lary secretions.' ( 
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00 

c. reflex and central s athetic mechanisms in 

hemorrhagic hypotension. 

In the e'ven~ of blood loss ttierefore, the sympathetic nervous 
~ \ 

system becomes intir:nately associated with compensa tory buffering of any 

slilbsequent, adverse effects. Under these ci rcumstarÎces, sympatheti c, 
1 

participation results from the combined activation of both reflex and 
"'-

central autonomie mechanisms ~hich 'presumably operate in an integrated 

fashion in sustaining circulatory homeostasis. . "---
i 

,.J 
Mechanoreceptors reflexly responsive to changes in arterial blood 

pressure are 10çated in definitive areas of the circulatory osystem(120, lSn . 

Even before blood 10ss is sufficient to produce alterations in blood 

,pres~re, the afferent input from intracardiac pressoreceptors decreases()13); 

this hab been found responsib1e for an early rise in 0 hear; rate and peri-. , 
, l ' 

pheral vascular resistance, and for reinforcement of similar responses from 

othe;,refle/ogenic areas e1icited after mor~ severe,hemorrhage(,19l r, In 

the latter instance, reduced baroreceptor afferent impulses, PTimarily 

from the carotid sinus and aortic arch regions, are known to be particular1y . . 
'effective in initiating positive chronotropic and inotropic cardiac 

re'acti ons with hypotension, in additi on to peri phera 1 vascul ar' co.n;. 

striction(7, 193,206}. 1 That these cardiovascular alterations are<" due to 
r ~ .. r 

• increased sympathetic qctivity has been confirmed by observations of 
".,... \ 

increased discharges in efferent sympathetic nerves under these conditions(13), 

as well as' by elimination of relevant responses both by SUrgiCa\{17,94) 
\ 

and ~h~rmacological sympathettomy(55,131). Reflex mechanisms activated 

by 
/ 

morrhage alsp reduce the size of the ~nous reservoir by inducing 
L 

onstriction{4,22,230); recqnt findings ~emonstrating alpha and beta 
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adrenergic receptors in the venous bed, both of which produce veno-
,\ 

.. consttiction(138)~ strongly suggest that this constrictor effect is 

sympathetic in origin. 

The peripheral chemoreceptor system constitutes another reflex < 

mechanism which suppo~ts the circulation in the event of hemorrhage. 

Since McDowal1 "s(174) discovèry that vaga1 transection further lowered 

a b100d pressure previously decreased by blood 10ss, experimentaT pe~ 

fusion of the carotid and aortic bodies with hypoxic blood has shown 

that the primary reflex responsible for this ear1y finding is periphera~ 

vasoconstriction(1S,49,50). That the periphera1 vasoconstrictor response 

partially cOli1d be due to a relative che~ecep{or hypoxioa induced by 

a sympathetically mediated reduction in its blood supply has been shown , 

by findings of fa d;'rect correlation between chemoreceptor activity and 

sympathetic discharges mort''itored in postganglionic branches supplying 

thè carotid bifurcat'1ton(77), as wel\ as b.ly an +nverse relationship 
1 

between the level of the prevailing b100d pressure and chemoreceptor 
'-- '.F (155) 

dis~harge throughout a wide range of arterial blood oxygen concentrations . 

In his studies on the compensatory reactions to hemorrhage, 

Rushmer(226) observ~d considerable variability in the nature of these \ 

responses. Using anesthetized dogs, he found that tachycardia was not 

an inevitable response to bleed~ng~ a:'I\d 'that in ,sorne an;miils cardia~ 
~ '. \ 

putput remained unchanged. In reference to the brainstem control of baro-

receptor activity, he commented· that reflex integration at this level 

must consist of more than a /~Ple servome~hanism. While Rushmer's 

OPitliony,n tWis mâtter have been vindicated 'by more recen't work, the 

primary location of the central a,utonomic substrate which occasions 

,reflex sympatheti.c augmentation is at this time still in dispute. On, 
1 
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th~ one hand, Chai and wang(32) have shown in anesthetized cats that a 

lesion either of the midline medullary petiventricular grèy matter, 

JOr one involving the entire caudal fourth ventricular f100r and dorsal 

ventricu1ar grey but, sparing mid1ine a~d dorsal re(icular structures, 
,/ ---..... 

1 eads to a reduced pressor response to caroti d ocel us i on. f)'îr'e~tly" 

/ opposite in resu1t is Manning ' s(17l) s;~ilar experiment which showed 

not only that medullaryul~~ions did not affect-the carotid occlusion response, 

but a1so that the latter was abolished after inferior co11icular 
• 

deeerebration; this implied baroreceptor integration at levèls above 

the medulla oblongata,' While there is mueh adqitional evidence to support 

Chai 1 5 conviction that the medull ary centers are predominantly coneerned 

with reflex hypotensive sympathetic activatio~(130,136,21l), there is at 

the same time little doubt that higher functional 1evels a1so exert 

~i~rable influence 'on autonomie reflex mechanisms. In this connection, 

Reis and Cuénod(2Jl) observed that in vagotomized cats with a single 

functioning earotid sinus baroreeeptor, the pressor resp.onse to carotid 

occlusion i5 potentiated by hypothalamic stimulation, even though the 

latter failed of it~f to raise the blood pressure. Using the pre,sor 

response to hypothalamic stimulation as a baseline, Gebber and Snyder(87) 

found that the obvlrse situation also applied: ;n a similar cat 

preparation, ,this pressor effeet was magnified if the carotid sinus 

baroreceptor influence was subsequently eliminated, suggesting that 

the baroreceptors in sorne way intëracted wi~h the ind~ced hypothalamic , . 
1 

sympathetic drive. This inte~assoc;ation has been studied extensivel,y 

by Gellhorn(9l), who established that sympathetic reactions characteristic 

of the hypothalamus are directly associated w;th the relationship 
~. . 

between the circulato\yOstatus and baroreceptor activity at any particular 
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1 
point in time. 'Thus, he was able to show that a decreasing blood pressure 

from any cause allowed a standard hypothalamic stimulus to pr~duce a 

much stronger sympathetic effect than if the same stimulus had been 
\ * 

applied at normal blood pressures; this finding was dependent on a 
1 

functioning baroreceptor system since the sympathetic response to hypo-

thalamic stimulation remained constant at any blood pressu~e when the 

baroreceptor reflex had been excluded. In this regard Kahn and Mills(136), 

while monitoring Sympathet~c splanchnic nerve act~y in vagotomized 

decerebrate cats, noted that nerve discharges were enhanced far more by 

amoderat~histamine-induced hypotension than by carotid occlusio~ alone, 

which theoretically should have reduced the intrasinus pressure to a 

much greater degreet They concl uded that usome mechani sms other than 

carotid sinus baro-vnd chemoreceptors mus't play a role in response to 

systemic hypotension in vagotomized animals". Peiss(197), in reviewing 
o 

previous studies on central cardiovascul~r control, concurred with this 

viewpoint and emphasized both .the tonie and dynamic modulatiorl .of 
~ 

sympathetic efferent outflow exerted by higher centers; he as well put 

forth the reminder that autonomi~pathWayS exist derived from the cortex 

and hypothalamus which are not directly linked with the medullary vaso- , 

motor area (64) . 

Ir has long been recogni z,ed tha t hypotha l am; c (121 ,171 ,205,243) 

and cortical (53,244) activation can alter sympathetic cardiovascular 
o 

reactivitY. Gellhorn(8~) demonstrated that such sympathetic activation 

is not an all 1r none phenomenon-s.Q that'-under physiological conditions~, 
~~ • 1 ;, 

hypothalamic or brain stem stimulation m~~ad only to.a partial discharge 

of the sympathetic system. In this context, increasing hypothalamic /' 

excitation may gradually convert a pure 

adrenal discharge, or conversely invoke 

sympathetic neuronal to a sympatheticn-
! ) 

activity in a specifie sympathetic 
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neuro-effector while simu1taneôus1y 1eaving the p~lse rate and blood 

pressure unaffected(,90). Thus, aside from whether"basic reflex cardia
l 

vascular integration resides in the medulla oblongata or higher ~the 

erainstem(95), Keller's(139) observations are significant in pointing 

out the fundamental difference between supra- and infratentorial control 

mechanisms: he found that brainstem transection did not' result in a 

gener.alized vasodilatation, and deduced that vasoconstrictor tone per se 

was independent of the hypothalamus. In agreeing with this interpretation, 
(192) . Oberholzer summed up probably the essence of present concepts by 

according maintenance of gr~l yasomot~ tone to the brai nstem centers, 

while affirming that more sophisticated cardiovascular manipulations, 

such as adaptation of differential organ blood flow to varying states 

of activity, is likely coordinated at high central neuronal levels. 

The relevance of the above-mentioned reflex and central autonomic 

interactions to the situation of hemorrhagic hypotension perhaps is brought 

more into focus by the resu1ts of studies concerning the physiologica1 

cO(lsequences o,f primary cephalic ischemia. Using an iso1 ated cerebral 

circulati':on in the .. dog, Sagawa(228) could not record a sfgnificant pressor 

response unti1 the cranial perfusion pressure had fallen below 60 mm Hg, 

whereupon he observed that at simi1ar b100d pressure reductions, cerebral 

, ;schemia was four times more patent' in generating a pressor reaction 

than was pure baroreceptor hypotension. Cepha1ic ischemia induced by 

brachiocepha1ic-vascu1ar occlusion has.been shown to resu1t in positive 

chronotropic and ,inotrop; c cardi ac responses, as well as in increased 

systemic vascu1ar resistance(57.58); these responses were not inf1uenced 

by carotid sinus baroreceptor denervation. DOWning's(;8) use of para

sympathetic b1ockade, and Levy's (159) ste11ate ganglion ablation 

experiment under similar conditions, have strongly implicated increased 
1 -

central sympathetic discharges as the basis for the augmented cardiac , 
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activity (60,160 ) Cushing(47) was the first to document the presso~ 

response to increase~intracranial pressure; it has since been shawn 

that cerebral ischemia elicited in this fa~hion causes b100d pr~ssure< ~ 
elevatioh 1arge;y via an evoked systemic periphera1 vasoconstriction(25,ll1). 

r, 

In fact; it appears that the latter supercedes the cardiac contribution to 

the generation of hypertension under these circumstances(25,57). Increased 

intracranial pressure has also been associated with focal myocardial 
"-lesions(41)and with pu1monary edema(14); trat this edema ;s like1y 

rel ated to augmèntation of central sympathetic activity under th'ese 

conditions ;s evidenced by the effectiveness of antiadrenergië agents 

in preventing such patho10gy(11). 

In general, t~en, central auto~iC mechanisms are probab1y 

indispensable for the preservation of cardiovascular homeostasis, both 

under normal physiological conditions, and during the stress of hypo

tensive he~rhage. Interrupt~~n of the cephal ic b100d supply for three 

hours has been ~wn to resuH in a progressively dec1 ining systemic 

a;terial pressure (195) and cardi'ac output (26). Conversely, during 
)' . ~ 

experim~n which cerebral blood flow was maintained during otherwise 
, . 

genera1iz~d hemorrhagic hypotension, it has been demonstrated conclusively 

that both survival time (145,163) and mortality ,rates (9,100)are reduced. 
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D. Deleterious effects of sympathetic alterations in hemorrhagic 
,~. 

hypotension. 

The adaptive response to hemorrhage, as manifested especially by 
-".". 

vasoconstriction, has gradually come td be recognized as a doub1e-' 

èdged 5word. That prolonged vasoconstriction could itself be harmful 
, (66) • ' 

was pointed out by Erlanger and Gasser who demonstrated that 

repeated large injections of adrenalin 1ed eventually to a d~clining 
~ 

> blood pressure and death of the animal,; vasoconstriciiOn, was maintained 

unti1 the end of the experiment, and it was conc1uded that the adverse 

effects were due to a concurrent reduction in blood volume. Freeman(83,8?) 
• 

confirmed this finding, and further obserted that abrogation of sympathetic . 
activity preveQted thi~ circu1atory fluid 10ss. In testing the consequences 

\ . 
of sympathectomy on ~he course of hemorrhagic hypotension~ Freeman(84) 

also found he was .unable to produce shock after this procedure; thus, 

concerning the v~soconstr;ctor response to blood 10s5, he aff~,rmed that , 

" ... the very mechiilnism by which the orga~ism str;ves to su;.vive, brings 

about lis ultimate dissolution". Wiggers(263) a,ttributed impairment of 

blood flow through the gut, liver, and kidney during hemorrhagic hypo-

tension to sympathetically-mediated vasoconstriction, and after showing 

that sympatnetic blockade improved the ~urvival of bled d~gs, a1so 

conc1uded that " ... though initial vasoconstriction of ers temporary 

benefits • . . the prolonged continuance of sympatheti vasoconstricti~n 

is de1eterious in that ~t accelerates the onset of e irrevoersible 

state (of shock)." 

More recent studies have employed norepinephrine as the basic 

vasoconstrictor .. prototype in the investigation and treatment of hypo

tensive hemorrhage .. A1though sorne have màintained'that norepinephrine 
• -t:D 
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infusion during hemorrhagic Shoct is beneficial(153), owing especially 

to a subsequéntly improved cardiac output and blood pressure(80,93,194) , 
1 

most workers now be1ieve that tnis sympathomimet1c agent is useful only 
,/ 

as a temporizing measure, until blood volume dep1etion can be 

rectified(38,237). As with epinephrine therefore, severe vasoconstriction 

due to continuous norepinephryne infusion results ;n a gradua1ly 

v decreasing blood pressure, fall in pH, and red~ction in b100d vol~me(62); 

in addition; exogenous norepinephrine-mediated vasoconstriction during 

hemorrhagic hypotension is now 'regarded to be not only ineffective in 

improving survival rates(81 ,93), but also instrumental in provoking 

both accelerated and increased morta1ity(39,125,162,237). Conversely, 

.. 

with e1imination of sympathetic vasoconstrictor impulses before or soon 

after,bleeding, there ;s evidence both_of decreased spontaneous uptake 

from the b1eeding reservoir(119,125) and of diminished cellular anaerobic 

metabolism(235) during hypotension, as well as of increased survival r~tes , ~ 

thereafter(12,16,132,213,214); these findings attest to the rendering 

of a less severe insœ1t under these circumstances. The pot~ntia1 

liati1ity of prolonged vasoconstriction during hemorrhagic hypotension 

1S dramatica11y illustrated by Nickerson's st~ the chicken(189). 

Because this species deve10ps minimal vascu1a~striction after blood 
1 

105s, the volume of fluid subsequently transferred into the vascular 
/ . 

compartme~'can equa1 or exceed the to~a1 initial. b100d volume; thus, 

the compensatory phase of transcapillary refil1ing does not give way 
. . 

to decompensation with fluid 10ss" so that almost a11 chickens survi\!e 

if the shed blood is reinfused at any time prior to onset of terminal 

respiratory failure. 
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E. Failure of sympathetic mechanisms in hemorrhagic hypotension 

The concept of augmented sympathetic activity is now-generally 

accepted as being con€erned with the evolutionary course of hemorrhagic 

shock. However, there is a coincident reluctance to consider, aside from '1 

the secondary detriment41 effects of prolonged vasoconstriction, that 

faltering of stressed neuronal mechanisms might contribute to onset of 

the te~minal shock state. In d;scuss,ing the possible causes for ~n

tâneous autoinfuslon of blood during the decompensatory phase of experi-
rfl 

mental hemorrhagic hypotension. Nick'erson(190) dismisses a possible role 

for~lini~g sympathetic activity: " •.. -hhis) require(s) that the 

vasoconstrictor and cardiac stimulant effects of the sympathetic nervous 

system decrease at sorne critical stage in the development of shock, but 

ft ha!> been impossible to demonstrate such an event". 
f!i' 

The impression that cardiovascular collapse during shock might be 
~ , 

associated with loss of vascular constrictor capability is a long-standing 

one, having been voiced by Horsley(127) in the later 19th century, and 

again incorporated by Crile(45) in the interpretation of his experiments 

on surgi cal shock. Pilcher and Sollman(204) noted that vasoconstriction 

consequent to blood 10ss in anesthetized dogs, was followed by vasodila

tation as the blood pressure approached 30 mm Hg. and that once this 

occurred, ,the pressor response to sciatic nerve stimulation was greatly 

diminished. Acçording to Bay11ss(10), maintenance of ~ystemic arterial 
, " 

pressure at 58 mm Hg for one hour in cats stopped the appearance of vaso

matar reflexes; as did Crile, he ascribed this finding to bulbar vaso-
.r . 

matar failure. Using hindlimb perfusion methods in anesthetized dogs and 

cats respectivèly, both Penfield(198) and Cattell(30) were able to demonstrate 

an eventu~l 10s5 of peripheral resistance after prolonged hypotension. 

1 
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Similar findings were reported by Erlanger(65) and Gesell(92). More 

recently, wiggers(262) has shown in anesthetized dogs that some loss of 

peripheral vascular resistance may occur in late hemorrhagic shock; he , 
fel,t that this may have been due partly to lessened reactivity of 

nervous control. Remington(212) concurred with these results, and 
, ' 

further observed that this fall in vâscular resistance was often precipitous. 

After an initial increase shortly after hemorrhage, Rothe(221) subse

quently recorded in anesthetized dogs a progressive decline in total 

peripheral resistance as hypotension progressed; a number of animals 

did not regain control levels immediately after reintusion, and 

although several of ~hese showed a seconarcompensatory increase in 
~ 

,resistance during the phase of ~o-called normov91emic sho~k, a few 

again manifested a d~crease jn the termin&J state. Employing arterial 

and veno~ segments as an index of peripheral vascular èonstrictor 

capability, -Familiar(68) noted that small arter~resistance graduaî~y 
fell during maintained hemorrhagic hypotension. He also found that 

an\mals regained constrictor tone after reinfusion, but in reporting 

two dogs having the shortest survival times of the entire series, he 
, " 

observed that both animals continued with a low peripheral resistance .,',,; 
, , 

from the end of reinfusion until death. The inverse finding that initial 

coronary vasodilatation after bleeding eventua~y gave way to 'a relative 

vasoconstriction during prolonged hypotension, led Granata and his 

co_workers(104) to conclude that Goronary sympathetic beta-receptor 

reactivity had diminished; whether this was due to decreased generation 

of nerve impulses, declining transmitter release at the nerve terminals, 

or impaired receptor funétion was 'not detennined. 

I~rences that decreasing periphe;al vascular resistance in late 
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hemofrhagic shock might be associated with diminished sympat~tie e~ferent 

discharges have received strong support from studies in which sympathetic , , 

nerve activity has been monitored direct1y. Beek and Dontas(13)~ recording 

from sympathetic preganglionic splanchnic efférents during protracted 

hemorrhagic hypotension in cats, found that activity gradually abated 

with time; in dogs also, there was a marked diminution tin disc;harges 
" '" dtlring·spontaneous blood upta'ke from the reservdir, as wel1 as with 

1 • , 

the post-reinfusion terminal decline in b100d pressure. In anesthetized 

cats, 'Gootman and Cohen(103) have observed that with ~ontinuing blood 105S, 

sp1anchnic nerve dischârges at first are inversely proportional to the 

decreasing systemic arterial pressure; how~ver, at critical mean pressures, 

usually between 20-40 mm Hg, there occurred a relative1y sudden and 

drast;c reduction of sympathetic.activity, ~ich frequently preceded 

'" cardiac arrest. This detline in splanchnic reactivity was attributed ta 

lower brainstem ischemia. This same sequence had previaus1y been reported 

by LUndgren(167) while recording fram ~ympathetii vasoconstrietor nerves 
, 

. to skeletal mùsc1é in anesthetized cats. Using a sl'milar preparation in 

dogs, Rothe(222) found that the initial increase in vasoconstrictor nerve 

impulses following hemorrhage tended to give way after prolonged hypo-

tension; retransf,usion 'oceasioned a temporary return bf sympathetic discharges, 

followed by a secondary diminution during the terminal blood pressure r , 

·~cline. (' 

The post-capillary venous system has long been considered another 

possible site where failing sympathetic reaetivity might initiate circula

tory failure after extended hypotension. Althaugh definitive experimental 

evidence was lacking at that time t even early investiaators hypothesized 
l , 

that shock must be associated with venous djlatation and subsequent Vènous . ". 

POoling(l18,126,183). In an~sthet;zed dogs, Rashkind{209) controfled 

-
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1 

\ i 



1 

( 

( 

-27-

cardiac output so that changes in blood pressure could be asc~ibed solely 

to alterations in total peripheral resist~nce. He found that decreasing , -

blood pressure w~ associated with a simultaneous drop in both peripheral 
" 0 

resistance and venous return. In this connection, Rothe(22l) concluded 

from his study of peripheral résistance during hemorrhagic hypote~sion that 

"the variable. . . decline of total peripheral resistance during severe 

hypotension suggests a reduced tone of the capacitance vessels and 50 

might account for the autoinfusion (from the bleeding rese'rvoir)". 
, ' 

Gregg(llO) al~ felt that the site of vascular collapse dur'ing 'hemorrhagic' 

shock in conscious dogs must be post-arteriolar in location. One of the 

few s~udies which directly confirms that venous dilatation might be a 

" .. 

factor in precipitating cir~~atory col1apse after prolonged hemorrhage has'been 

performed by Alexander(5) in anesthetized dogs. As hypotensive hemorrhage 

progressed, he noted a gradual waning of venoconstriction, wit~ a'further 

abrupt fal1 occurring in late hypotension; although retransfusion usually 

restored venomotor tone, the hypotensive leve1s reach~d during the terminal 

period did not provoke venoconstriction to nearly the same degree as did 

jlf ,sim;lar 'ow bl~od pressures shortly after bleeding bega,n. 
, 

The locus of presumed sympathetic functional deterioration has not 
• 

y~t been defined. However, certai~!aspe~ts of this problem have been 

ex mined. Noradrenaline stores in the~pleen(48) and hJrt(102) become 
/ 

depleted after prolonged hemorrhagic hypotension; it ;s pertinent here 

that Glaviano(97) found the myocardium almost~ple~ely refractory to 

stellate ga~glion stimulatio~ after hemorrnagic shock had ensued. Von 
(67)' Euler has shown, however, that increased sympathetic activity alone 

cannot actount for local norepinephrine dissipation. 

waning cardiac responsiveness may be partially related 

acidosis which"invariably accompanies low flow states, 

, ! 

In th i s regard, 

to the metabolic) 
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1 

demonstrated that thi s aci demia con tri butes' to suppression of bath spon- :-. ( 

taneous myoca rdi al contracti 1 ity, and that i nduced by ;'njecti ons of 

pressor catecholamines(51 ,252,266), Another pos~ible mechan;s~ for 

reduced myocardial reactivity to catecholamines in hemorrhage may be 

decreased sens;tivity of its beta-adrenergtc receptors aften prolonged -' , 
exposure ta high concentrations of the~e vasoactivé agents(35). Adreno

medul1ary secretipn has alsa been found to decrease aft~r prolonged 

~hemorrhagic hypotension(109), and this appeared ta coïncide with 

uptake from t ding resérvoi r(253),. ' 
1 

of higher central nervous control aS,wel1 as 

been postulated ct ... likely requisite for cardioyascular decompensation 

Bath Kova'ch(l44) and Glaviano(98) have fo'und 
, Il ' 

that reflexly induced pressor responses to carotid 'occlusion or peri-

pheral ,nerve stimulation are markedly reduced after protracted hemorrhagic 

hypotensiDn; the pressor reaction to hypothalamic stimulation is also 

impaired at this time(225). \ ~ 
1 
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EXPER~MENTAL STUDY ... 
" 1 

.. 

The re ,'evance of i mpa i red centra l nervous funct ion' to th e response 

of the expe.~mental animal subjectedto hemorrhagic hypotension and shock 

has remained controversi al. In 1 aying the foundation for 'he experimenta l 

approach to shock. Cri1e(45) p1aceC! great emphasis oJ impai,rment of the 

bulbar vasomoter mechanism as the_major cause of the clinical syndrome. 

Although Ca'nnon(29) concurred wit~ accumulating evidence that va~omotor 
exhaustion wa~ not responsib1e for the low blQad pressure. he did feel 

, ,-

that the prolonged presence of the hypotensive state ~ig~t eventually 

De detr;mental ta the brain. 
• 

A considerable body of knowledge has since accumulated documenting 

the influence ~f hypotensive hemorrhage on central nervous physiology. 
. . 

Total cerebral...blood flow is known to fall'°dufing hypotension, both in 

the expe~imental animal (178,2J6,242) and in man(69,185,246) ~ despite 

" 

~ '\) ~ 

preferential relistribution of cardiac output in favor of the brain{107,137) . 

• Subsequent cereb'ral ischemia may we11 be respan,sible for observations 

of reduced(259) or abnormal(74,148,176') spontaneous cortical electrical 

activity under these circums~ances, as well ,as for ~epression of electrical 

potentials evoked from spinal cord and cortical neurons bi peripheral n~rve 

or brain stem stimul at; on (173.176 :199). In'. addition, del~ter;ous effects 
~ 1'-- ." 

~ ~ 

on ref1exes subserve~ 'e,specially by mu1tisynaptic and therefore higher 

~ suprasegmental pathways have been noted very soon after the onset of hypo-
" ' 

~, tens;ve hemorrhage(lBl, 182). In this regard~ th~ poss;bility that hypo-
Q 

thalamic cardiovascular regulatory mechanisms might be impaired dur;ng 
( 1 
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the later stages of hemorrhagic shock has recently been put fO,rward(225), . , 

and tbis finding has been supported by further evidence demonstrating 
il' 

increased susceptibility to tr~umatic shock after previous hypothalamic 

les)ons(148). The signifiéance of the above mentioned physiological 

, 

il. ~rbances is accentu~ted by r~f~nt findings of impaired ,cerebral oxygen 

(. metabolism 1n advanced Shock(69,;149,250), associated with declining 

glucose consumption(146) and reduced ATP content(148,179). Subsequent\ 

cerebral anaerobic 91yco1ysis may supervene(7l) accompanied by cerebro-, 

spi~al fluid acid06~s(245); a concomitant rise in cerebrosp'nal fluid 

potas~~~m concentration implies that tissue in jury eventua11y ~ccurs(239). 
A. "'. ~ /""' 

Just as pertinent to the understanding of central nervous \ 

i , 

" 
influences on the course of hemorrhagic hypotension are studies.emphasizing 

the reactions of remote body systems to preplanned alte~tions in the 

cerebrospinal tissue blood supply. Th~~, prolonged severe cerebral 

ischemia may itself ,lead to eventual cardiovascular decompensation, as 

manifested by a gradually decreasing blood pressure a~d cardiac output(26,195). 

In a~dition, while some have' shown tha")perfusion of the br~in during 

hem;rrhagic hypotension ~ay prolong only survival time(163}, others have 

demonstr~ted a de~inite decrease in mortali'ty(lOO,.a45). 

~owèver, despite ~fforts 'to establish a more precise mechanism 

through which the nervous system might modify,the response ta hemorrhagic 
, 

~ock, an avenue.to·~ comprehensive understanding of this interaction 

remains elusive. Bot'h the confusing ele"1!iflt of general anesthesia(6l,267)' 

and the traumatic procedures(73) required to a;sess a s~emingly inaccess

ible orgl~ system, have ma~e interpretation of subsequent experimental 
. . 

results extremely difficult. 

The present study, relatively unencumbered by these disadvantages, 
1 ~ 
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~~ offer; a fresh approach to this prob1em. The effects of head e1evation 
, " 

on tlinical neurolpgic parameters and cardiovascular hemodyn'amics during 
u " • __ • 

profound~he;orrhag;c hypotens~~~~ere ~~sessed in unanesthetized dogs. 
".. 

In p~ovid;ng an additional incremeni~of phySiologica1ly induced cerebral 
1 

ischemia during hypotension, the use 'of head elevation al10wed a more 

meaningful evaluation of the relati9n.s~ip between subsequent neurologït 

dysfunction and assoclated hemodynamic alterations. 
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.. 
B. Methods 

Sixteen successful experiments were performed on 21 adult mongrel 

dogs ranging in weight fr~m 15 - 22 Kg. Animals with obvious signs of 

di sease, a hematocrit 1 ess than 40%, or BUN gr~ter than 20 mg. % were not ,~ 

accepted. The dogs were maintained on norm~l diets, but fasted for 12 

ho~rior to the procedure. 1 

Anesthesia was induced by intravenous infusion of sodium metho

hexital (Brietal Sodium - ~illy), intubation carried out, and the met ho

hexi ta 1, disconti nued. For maintenance anesthesi a. 1. ~'~a 1 othane 

(Fl~othane - Ayer~t) in an equal mixture of 100% O2 and N20 NqS employed . 
. 

This was delivered ta the endotracheal tube by a Harvard variable-volume 

animal respirator with an attached intermittent hyperinflation valve. 

'The 'respiratory rate was maintained at l5/min., this value having been . 
determined during ~liminary experiments as that which assured both 

adequate oxygenation and arterial PC02 levels between 35-45 mm Hg during 
. .. . 

the period of assisted vent~tion. Tidal volume according to weight 
• • 

of the animal couid then be selected directly from a nomogram specific 
~ 

for the Harvard respirator. Bath femoral arteries and the left femoral 
1> 

vein were cannu1ated with vinyl catheters (I.0.0.082 in.) 28.5 cm. in 

.1ength, fi1led with heparinized saline, and the arteria1 catheters 
.... '" 

advanced ta the level of the upper abdominal aorta. The right femoral 
" 

o 

"'-./ ~rter.J1 was cannected ta a Statham P32A pressure transducer and elec-

• 

tronically integrated mean aortic pressure (MAP)monitored on a Grass 
. . 

Model 5 polygraph. Tracheastomy was perfarmed, ancl inhalation anesthesia 

sustained via this route. The dog was then placed on a Pav10v stand 

and the he ad securea on a specially designed 'head rest; with the animal 

Jupported in the normal stanâing position, lateral moveme~t of the 

head was only moderately restricted, ,hile a predetermined degree of 
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/ ,. 

elevation could be kept constant. Standard electroca'rdiographic l imb 

leads were inserted, as well as ~ntral precordial lead. The animal 

was then heparinized (3 mg/Kg) and~~e left femoral artery connected 

to a siliconized, graduated, closed glass reservoir. Variations in 

body tempe rature were minimized by use of'a heating blanket, rectal 

temperature being monitored by an indwelling probe (Yellow Springs 

Instrument Co.). Inhalation anesthesia was th en discontinued and 

ventilation on room air prolonged until consciousness was regained, 

"' usually within 15 min.; from this point, the animals breathed spon-

• • taneously for the remainder of the experiment . 

, The fully conscious state was defined arbitrarily by comparing 

each dogls response to clinical neurologic'examination before hemorrhage 

to similar testing during and after the hypotensive period. Preliminary 

experiments had shown that a 30 min. post-anesthe~ia, pre-hemorrhage 
~ 

interval was adequate for animals to regain a level of consciousness 

correspanding to~ unanesthetized state., That which comprised con

scio~sne~s for present purposes was depicted in terms of four broad 

, response categories based on the clinical neurologie exami1ation. Animals 

designated as "alertl1 were awake, appeared interesteà in their surroundings, 

responded qUiCk~O a call or loud noise with searching movements of 

. the eyes and head, withdrew the foreleg quickly ta a mild toe web pinch, 

ând demonstrated brisk corneal, blink and pupilary light reflexes. 
, 

Animals that appeared listless were termed "drowsyll, but these would still 

wake sUfficiently to respond to environmental sounds either by opening 

the eye! or by searching movéments. This latter characteristic distin

guished th; s category from the thi rd or II stuporous Il group, in whi ch 

anima1s appeared not only spontaneously unaware of their surroundings, 
, 
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but also would not respond to sound or movements'in the environment. 

Dogs in a "drowsy" or ··stuporous" state (i.e.) the transitional categories, 

had impaired pain aMoidance and reflex responses to varying degrees; 

, because of this variability, assessment of these parameters did not 
l , 
1 

contribute ta distinguishing between these latter two groups. Finally, 

animals categorized as IIcomatosell had no awarenes,s as with the Il stuporous ll 

group. but in addition showed no responses ~o painful stimuli, and had 

absent corneal, blink and pupillary reflexes. 

Each dog was bled rapidly to a MAP of ~O mm ~ and held at 

this level for 150 min. by adjusting the height of the reservoir as 

necessar.y. The reservoir was connected to a mercury manometer which 
1 

could be utilized to reinfuse blood rapidly if required. At thé end 

of the hypotensive period. the animals were positioned lying on their 

left sides; since the volume of blood remaining in the reservoir variéd 

from one animal ta another, to maintain uniformity the rate of intra

arteria·' reinf~n was arJitrarily set at 12 cc/min. The post-· 

hemorrhagic ~ase was observed for an additional 4 hrs; those animals 
~ 

which remained alive at the end of this time were arbitrari1y considered 

survivors. The 4-hr. post-shock observation period was uti1ized on 

the basis of preliminary trials which had,demonstrated t~at animals 

surviving this length of time remained in stable condition for a 

minimum of 12 hrs. after retransfusion; these dogs were,therefore 
f 

considered as having endured the acute sequelae of hemorrhagic shock. 

Conversely, those which did not survive 12 hrs. invariably had died 

within four hours of reinfusion. At either the time of de'ath or after 
7 , 

the 4 hr. post-shock period, all dogs were necropsied and specimens 

placed in 10% forma1-saline for subsequent hiJtological processing. 
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Hemodynamic, electrocardiographic and clinical neurologie paràmeters 

were measured prior to b1eeding, and at 10 min. intervals during hypo-
~ 

tens.ion. B1eeding volume was similarlY rec.orded: the volume of blood 

in the reservoi r at the onset of hypotensio~, when the fal1 in'~ MAP first ~ 
1 • • 

touched 49, mm Hg was designated as the initial b1eeding volume (IBV), 

the 1argest volume at any time during the experiment as the maximal. 

b1eeding vo1ume(MBV), the volume at any other time as the residual.bleeding 

volume (RBV), and the volume at the end of the hypotensive period 

as the final bleeding volume (FBV). 

Consecutive animals were a1ternately p1aced in one of two groups,-J 

based on position of the head during hypotension. Control Dr head~ 

down (HO) dogs were positioned with the cranium at the level of the 

aortic origin, estimated on the chest wall from the midPoilnt between 

sternum and spinous processes; in experimental or head-up (HU) animals, 

the head was raised such that the degree of e1evation from aortic origin 

to the hard palate, taken as the base of the brain, measured > 15 < 20 cm. 

(Fig. 1). ~ 
Arterial b100d samples for~matocrit, pH, and blood gas determinations 

as we1l as serum potassium, pyruvate and lactate concentrations, were 

Il drawn prior to hemorrhage, at 30 min. intervals during hypotension, and 

immediately after reinfusion was comp1eted. Cardiac output determinations 

followed a similar schedul'e; these were measured via the indicator-

dilution method using a Gilford densitometer and indocyanine green 

(Cardiogreen-Hynson, Westcott and punning Inc.). Dye dilution curves 

were analyzed by the Stewart-Hamilton method; calculated total peripheral 

resi-stance (T.P.Rl) was expressed in l1li1 Hg/L/min. Blood gases and pH 

were determined on an Instrumentation Laboratories blood gas analyzer, 

and hematocrit by the microhematocrit tube method. Serum lactates 

and pyruvates were analyzed with Boehringer test kits, ana read on a 

• 
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FIG."l: The relationship of head pos1tion to tne level of the aortie 

J. 

origin is shown. The distance from midthorax to hard palate, 
taken as the base' of the brain, was adjusted ta be 0)15 cm<20 cm 

in the HU anima1s • 
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Coleman 46 spectrophQtometer (Perkin-Elmer Corp.); results were 
./ 

denoted as the lactate/pyruvate ratio {L/P}. Serum potassium levels 

were recorded di rectly from an 'Instrumentation Laboratories fl ame 

photometer, ~~ 
'\ 

Group means are presented with their standard deviations. By 

use of Student's T-test, populations were regarded as differing 

significantly when the probability that their means came from the 
1 1 

same population was less than 5% • 
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C. Resul ts 

1. Clinical: 

Certain aspects of the clinical neurologie response to hemorrhagic 

hypotension are noteworthy. The clinical state appeared to reflect quite 

clearly the,severity of cerebral ischera; unmistakably, 7 of 8 HU animals 

were more seriously impaired th~rols both during and at the end of 

the hypotensive period. One exception to this was the w;thdrawal res

ponse to a painful stimulus: this was abolished in all HU and HD animaIs 

within l hr. after the ons et of' bleedin9! making this parameter genera11y 

the most sensitive of those measured to the adverse effects of hypotension. 

On the other hand, after a similar time interval, corneal reflexes were , 

absent in 87.5% of HU animals as compared to only 12.5% of HO dogs; at 

150 min. of hypotension, this reflex could be elicited in none of the 

HU dogs, but still was present in 3 of the 8 HO animaIs. In addition, 

he pupils were fixed to light in 87.5% of the HU group after 90 min. 

of hypotension, whereas fixation occurred in none of the HO animals 

even after the entire predetermined period of hypotension, àlthough at 

this'point the pupils generally reaeted sluggishly or at times were 

unequal. As eompared to the effect of hypotension on pain avoidance 

responses and on corneal and pupi11ary reflexes, the blink reflex was last 

• to disappear in any particular animal during the course of the hypotensive 

interval. However, this reflex as wel1 was abolished in 87.5% of HU 

anima1s at 150 min. of hypo~sion; in contrast, it could still be 

elicited at this time in all HD dog~. Finally, while 1 HU dog was 

'classified as IIdrowsyll just prior to reinf1sion of shed blood, the 

7 animals remaining in this group were uni~OrmlY "comatose". "'Conversely, 

none of the HO animals was rendered "coma~ose" by the hypotensive 
1 
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..r-.-' ~ 
hemorrhage; only 2 HD dogs deteriorated sufficiently to be classified 

as "stuporous", wbile the remainder stabilized in the IIdrowsy" category. 

The severity of cerebral ischemia, as manifested by the clinical 

state during shock, was also reflected in group mortality rates. 

There were no fatalities during the hYpOtensive period itself; however, 

87.5% 'of HU animals succumbed within the predesignated post-shock 

observation period. Each of these animals had been r~ndered camatose 

during the course of hypotension, the only survivor being one animal 
\ 

, 
whi ch remained in the "drowsy" category through the shock interva l. 

On the other hand. the HO mortality rate was 50% at the end of post 
,~ 

reinfusion observation~, two of these 4 dogs were classified as 
V 

"stuporous" at the end of the hypotensive pedod, while two were 

"droW'sy" . 

It is noteworthy that in the combined HU - HD series, 9 of the 

11 animals that subsequently died had temporarily improved following 

retransfusion of shed blood. In fact, 4 of these latter 9 dogs 

recovered sufficient1y ta become active1y aware of their surroundings 

in a fashion similar to the pre-hypotensive state, althpugh 3 of these 

had some degree of clinically impaired pain avoidance or reflex responses 

which evidenced the neuronal insult incurred during hypotension. The' 

clinical ·improvement afforded by re;nfus;on was maintained until 

short1y before death; only as the systolic blood pressurJ fel1 be10w 

100 mm Hg did increasing stupor and terminal coma supervene. 

2. Physiological and Pathological: 

In Fig. 2, the mean arterial pH values are·plotted against time. 
~ 

The pH was significantly lower in the HU group at 60~ 90, and 120 min. 
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FIG. 2: Graph showing absolute mean serum pH values as plotted 
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of hypotension. as well as after reinfusion (P < 0.05) (Table 1). 

Differences between other measured parameters did not reach statistical 

,significanee. 80th groups demonstrated initial hemodilution followed by 

hemoconcentration (Table II) as well ~s similar overal1 patterns of 

b1eeding and volume uptake from the reservoir during the hypotensive 

period(125) (Table III). HU dogs did show a trend, toward higher serum 

potassium leve}s (Table IV) but differences from HD animals were not 

significant. The L/P ratio (Table V) and TPR (Table VI) were elevated 
( , 

in both gr.oups during hypotension, in agreement with r.esults fr;om 

other studies(142,249). Oxygenation was well maintained bath during 

anesthesia, and throughout the hypotensive interval; as we1y: eompen

satory hypocapnfa was observed which was consistent with the previously 

deseribed pulmonary response to hemorrhagie hypotension(42}. 

Gross and microscopie examinatiQn of the heart. 1ungs. liver, 

kidneys, duodenum and terminal ileum confirmed that all animals in the 

combined HU-HO series manifested unequivocal evidence of tissue in jury 
'~ 

consonant with the known pathological sequelae of hemorrhagic 

shock(21,164,257) (Figs. 3-8). Th~re were neith:r qualitative nor 

quantitative differences between HU and HD animüls with regard to tissue 

damage incurred d~ring hypotension. 

3. The bradycardia phenomenon: 

Within the combined HU - HO series: a peculiar variation in 

heart rate was observed in 7 animals: 6 of these were HU and 1 HD. 

A represe~tative example (HU Oog #92~8) is illustrated in Fig. 9. 

After an initial 25 min. at the predesignated hypotensive level, 

this animal had thè onset of intermittent sinus bradycardia associated 

-
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l 
! 
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FIGS. 3-8: Are represent~tive examples of the microscopie les ions 

su'stained by "animal s which sucèumbed within 4 hrs. after 

retrans fus i..on. 
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FIG 3: Shows a section through the 1efl ventriculàr endocardium. 
Scattered small subendecard1al hemorrhages are present . 
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, 
" FIG 4: Shows a section through the left ,upper lobe of the lung. There 

" 

, . 

,,~ 

is marked inter.titial edema, patchy 'atelectasis, and sporadic 

interstitial and alveolar hemorrhages. 
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~: Shows a section throug~ the liver where peric~ntrolobular 
~ongestion and early necrotic changes are vijsible . 
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FIG 6: Shows a section through the corticomedullary junction of the - -1-êft kidney. Interstitial hemorrhage 15 evident, and there 

15 early tubular necrosis. 
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FIG 7: See overleaf for Legend 
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FIGS. 7 AND 8: Show sections through duodenal (Fig. 7) 'and terminal 
lleal mucosae (Fig. 8) respectively, d,emonstrating 
sl'oughing of epithelium from the tips of the villi. 

, 
....... __________ 1 " ..... ' ... ___ -'~I.~.--:'! ..... ~ -;" .... h_~ __ .,....-.. - __ .. ~.,..;'~" - _. _~_ , ____ ,, __ . __ . -, -.c.. -



, , 

( 

J 

' . .. 

-- ... 

100-, 
7'!1-

- 50-
Hi a-\ 

G-

"-.,.... 
1.0 

mm 'MC ' 

FIG; -g: 

• 

1110-
7S-

-IO-~ 
H. JI-

a-

..... ..... 
t.II 

-/'ItC 

t 
CA) 

1 , 
1 

t t 
<ID @ 

.. 

-49- 1 

• 

...' l , , 

1/ 

, 
owing concurrênt tracings of mean arterial 

and rd10gram dur1ng portions of the hypotensive 
HU dog #9258. 
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with large MAP fluctuations, which appeared in the form of Mayer 

waves 15-25 mm ;g in amplitude }nd up to 30 sec. in d~ration(81,120). 
Mayer wave acti~y then ceased, and a more persistent sinus bradycardia then 

developed at 30 min. (A), the heart rate falling fr6m 225/min. to less 
, / 

than 50/min. coincident with a drop in MAP below 40 mm Hg. Here, 

rapid elevation ,of the MAP by blood reinfusion under pressure was 

required ta avert cardiac arrest and subsequent ventricular fibrillation, 
",,-

which'had[been seen previously with ,severa1 HU animals during pre1iminary 

~xperiments. As MAP rosJ, the hear~ rate increased, with MAP rapidly , 
falling back to 40 mm Hg as the infusion was discontinued. These 
~ 

infusions were delivered on1y until MAP began ta respond, after which, 

they were halted abruptly; the MAP might rise to 75 mm Hg nevertheless, 

but invariab'ly fe11 back ta the predetermined 1evel within several sec., 

consequent ta additianal bleeding. Anather similar episode occurred , 

a few moments later (B) and again responded to pressure infusion (C). 

In this particular experiment, a MBV of'945 cc~ad been reached at'20 min.; 

40 cc of blood was taken up spontaneausly over the next 10 min. at which , 
point bradycardia occurred. However, aver the subsequent 20 min. 

, 

interval, three simi1ar episodes had precipitated rapid infusion of fu11y 

300 cc of blood needed ta prevent cardiovascular collapse. ~ter this 
" 

time, a less severe sinus bradycardia occurred intermittently in 

association with acce1erated spontaneous b1aod uptakè, such that at 

120 min. of hypotension. 61.3% of the MBV had been returned i this 

episodic heart rate deceleration was punctuated by intervals in which 

a sinus tachycardia predominated (D). Bradycardia. nowassociated 

however wi th an rhythm, was observed at 

1 

\ 

1 
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130 min. (E); elevation of MAP in this c;rcumstance was no longer 
.' 

effective in alleviating the slow heart rate, which persisted to the 
c, 

. time of reinfusion. Noteworthy ill1Tlediately after retransfusion in this 

dog was both an increase in cardiac output ta 130% of control, and a 

fall in TPR to 67% of control. The correlation between bleeding volume 

and heart rate for this ~xperiment is summarized in Fig. la. 

The course of another animal (HU Oog #9317) is dep]cted in 

fig. 11, and shows even more dramatically the association between 

bradyOQrdia and blood requirement. A MBV of 785 cc had been reached 

at 20 min. after the onset of hypotension, and spontaneous uptake of 

blood ta 80 min. had resulted in an RBV of 525 cc; during this interval, 

a progressive sinus bradycardia had developed, the heart ratè having ., 
decreased from a"peak of 156/min. at 40 min. to 126/min. This deceler-

ation had not been preceded by or assoc1ated with Mayer wave activity. 

Onset of an intermittent bradycardic arrhythmia, now on the basis of 

atrial fibrillation, then appeared (A), and in spite of rapid blood ~ 

infusion and subsequent increase in MAP, it became more pronounced, 

the rate ~arying fram 78 - gO/min. (B). The end of pressure infusion 
/' 

? 

5 min. later (C) left a RBV of less than 100 cc. with a sinus tachycardia 

gradually supervening as MAP rose above 75 mm Hg. Notwithstanding a 

momentary relapse (0), the tachycardia wh1ch had ensued (.E) was maïn .. 

tained even as the animal was again alloweG ta begin bleeding into 

the reservoir (F). The MAP gradually fell (G), sa that at 100 min. 

(H) the RBV had inéreased to 545 cc; although the MAP was 45 mm Hg at· 

this time, bradycardia had not recurred. This comparati.vely stable state 

---contioued for the next 35 min. during,which time spontaneous uptake of 

~n recurred (Fig. 12A) 

blood h~d reduced the RBV to 48,5 cc. At this point~ sinu~ bradycardia 
'1 • 

an~ despÙe pressu,re rei nfus ton of tfie enti re 

1 

". ...,..,.--
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FIG. 10: Aline graph demonstrating the correlation between changes 
'" in bled volùme (RBV at any time during hypotension) and ( 

heart rate dur1ng the hypotensive periOd in HU dog #9258. 
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FIp: 11: Polygraph recording showing concurrent tracings of me~n 
arterial pressure and electrocardiogram during portions 
of tHe hypotensive interval of ~U dog #9317. 
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FIG. 12: Continuation of polygraph recording shQWing concurrent tracings , 
of mean arterial pressure and e1ectrocard409ram in HU dog #9317. 

'@shows,events which occurred Just prior to the, end of the hypo
tensive interval. (H)records events immediately after completio~ 
of reinfusion, USlrng an increased paper speed to il1ustrate the 
wide pulse pressure with low diasto1ic compo~nt, and the brady
'cardia. @records events 20 min. after completion of reinfusion. 
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RBV over the succeeding few minutes, the deceleration increased in 

severity, while the MAP, rather tha~ responding, began to fal1. At 

approximate1y 140 min. therefore, (t.e.) 'JO min. before the predesignated 

termination of hypotension, the dog was placed lying on its left side, 

and the full excursion of the aortic pressure curve was recorded (B). 

The ~remely wide pulse pressure with a low diastolic component, and 

the marked bradycardi a now apparently ori'ginating from the atrioventricu1ar 

junction, were quité remarkable; these were associated with an increase 

in cardiac output ta 191% of control, and a concomitant drop in TPR ta 

30% of control. Even more dramatic was both the rise in diastolic 

pressure and increase in heart rate w,hich occurred over the next 20 min., 

such that the pulse pressure decreased considerab1y, ~!le an atrio-

'" ventricular junctional tachycardia greater than 200fmin. replaced the 
\ 

previous bradycardia (C). In addition, this animal regaine~ consc~ousness 

after 'feinfusion, dying subsequent1y in progressive IInormovolemic ll shocl<, 

as did 10 other dogs in. thif study~26l). The close correlation between 

b1eeding volume and heart rate for this experiment is summarized in 

Fig. 13. 

Because th~pearance' of bradycardia, with its attendant hemodynilmic 

a1terations s was deemed significant in terms of the physio1ogical mechanism 

(---- it might represent, closer scrutiny of the 7 affected ahimals seemed 
\ 

warranted. "Initial".heart rate deceleration observed in 3 animals 

(HU dog~ ,# 9313, 9271. 9258) was usua lly of i ntermi ttent onset sand 
J 

consisted always of a sinus bradycardia; its occurrence was not observed 
.r 

with the initial attainment of hypotension, but instead from 20-90 min. 
1 

"after the predetermined MAP had been reached. Four of \he 7 do~ 
" 1 • 

(HU dogs # 9313,9211,9258 and, HO dog # 9298) exhibited large fluctuations 
'-j , 

in MAP early in the hypotensive period, appearing in the form of Mayer 

waves previously described (Fig. 14 A & B). ,While in one of these dogs 

) , 
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FIG. 13: Aline graph demonstrating the correlation between changes 
in bled volume (RBV at any time during hypotension) and' 
heaft r~te dur1ng the hypdtens;ve per10d in HU dog #9317. 
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FIG. 14: A p01ygraph .recording showing concurrent tracin~s of mean 
arteria1 pressure and e1ectrbcardiog~am during portions of 

• the hypotensive interval in HU dog #9271.· Gradual inte,nsi fi-
cation of Mayer wave act;vity in early hypotension (A and B) 

" 
was eventua11y associated with sinus bradycardia occurring 
at the nad; r of the wave (C and"'D); deceleration reversed 

~ither 'spontaneously or with the reinfusion of a sma~l amount .' 
of blood. Mayer wave açtivi ty then d; 5app~ared ~E) and was 
l ater s~cceeded by more severe sinus bradytardia together 

1 

with accelerated blood uptake (F). 
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\ , 
this rhythmic activity had ceased well before onset of sinus bradycardia 

, -!II-

(HD ,dog #9298), in the 3 dqSs manifesting "initi ~V bradycardia thé 

deceler~tion would be eVidenion{y at the nadir of a wave, which might 

be as {ow as 30 nm Hg. The bradycardia would then' reverse as MAP began 

to rise, the latter either,spontaneously or with infusion of a smalJ 

amount of bloo.$j (Fig. 14 C "&~ 0). "Initial" bradycardia was therefore 
-

arbitrarily defined as deceleration occurring in association,. with Mayer, 
"" wave activity and/or unaccompanied by accelerated'blood uptake. In one 

\ 

animal (HU dog #9313) this lIinitial li bradycardia s'ubsequently disappeare,d, 

and a normal sinus rhythm continued until ~infusion . 
, ~ 

However, though these "initial" heart rate decreases rarely defnanded 

blood uptake to ~revent J fall in MAP~ lattr onset of'more severe 

o 

~ 1/ "symptomatic 'l bradycardia in '6 of the 7 aff~cted animals often necessitate 
, . - î 

an accelerated blood return; this latter 'type al deceleration as well 

was almost always sinus' in origin. It was especially notable that bradycardia 
• 

occasioning uptake of relatively large increments of blood invariably 

was preceded by disappearance of Mayef'wave activity (Fig. 14 E & F). ( 

"Symptomatic lt bradycardia, therefore, was arbitrarily defined as 
" ,~ , 

d~celerat;on unassociated with Mayer wave'4!ctivity, âhd/gr a,ccompanied 

,by accelerated blood uptake. Two d'ogs ~-HU dog #9306 and(\~D dog #9298) 

may be said to have manife!\ted "symptomati Cil bradycardi a of a less severe 

nat~re, as evidenced by lack of need for blood pressure support other 

than that provided by spontaneous RBV up~ake. Reference to Table IX 

however will make readily apparent the ~rend towards increased blood 
)., . , 

. uptake genei'a'lly evinced by these 7 anilTBls duri,ng the hyp~tensive perio,d • .. 
Às oRPosed to the sinus types of bradycardia, 2 dogs (HU bog #9258 

\ 

and HO do~ #9298) late in hemorrh'~ hypotension developed "terminal" . ~ 
... ~ 

, 1 

- _~_,.-':_~_M ____ """"""....,t .. _--= .... __ .. ' ........ _ ... %_' ..... _1"IifI_'t_ ...... _. __ .... t_ .. 1f~_, ..... " .""".,,,,,? ..... ,_ ........... --~......-...... ........ 
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~ 
heart rate deceleration associated with atrioventricu1ar junctional 

rhythms; this arrhythmia ~s,preceded'in one bya variabl"e degJt!e 
.' 

of heart block. "Terminal" bradycardia was arbitrarily defined, therefore, 

"as dece1eration associated witn varying degrets of heart b10ck and/or 
t 

,atrioventricular jUhctional arrhythmias. At this point, not only was 
"" '-", J 

e1evation of MA~unsutçessful in a1leviating the ôradycardi~, but 

a150 general1y higher b100d pressures became necessary to avert cardiac , . 
arrest and subsequent cardiovascu1ar co1lapse. Fig. 15 depicts the 

course of one s~~ animal (HO dog # 929B) in which onset ~A) a~d 
! 

dissipation (B) of Maye'r waves~~s well as "symptomatic" deceleration l$' 

~imilar to that seen with other dogs (Fig. 14) was ~ollowed by the f 

appearance of Itermina1" brady~ardia (Fig. 15 C ~); temporary support 

of the M~ via i,ntermitten~ infusions was required as the brady

cardi,a evo1ve4;~ After reipfusion, moreover., decelerati.on here too 

associ ated wi th an atri oven tri cul,"" junctiona 1 ~;rhYthmi a. invari ably 

. punctuat~d the termirral b100d pressure dec1 ine; this sta'gê a1so was '\, 

often accomp~nied by bizarre e1ectrocardiographic configurations(143). 

Of particu1ar interest was the re1ationship between the occurrence 

of brady~ardia and the concurrent neu~l~gic'statul' Of the '7 dogs 

co~cerned, 3 were stuporous and 3 were comatose with the on}et of heart 

rate deceleration of any type; l dog (HO dog #9298) which was "drowsy" 

with the initial a~pearance of a moderàte "symptomatic" '9.radycardia 

subsequently became "stuporous" before a. more severe similar deceler~tion 
~ , 1 h necessitated a copious infuslon of b1ood. Converse y~ of t e 9 non- . 

,fi> • • 

.affected ànimals, only 2 were markedly abtunded, 1 having become "stuporous" 

and the other IIcàmatose li by ~th;;'''end of the hypotensive period. 'Relevant / 

ta this observation wal t1e pJsiiion of the head in relation ta the 

__________________ "~. ~_>. ___ .tft_· __ rt ____ __ 
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) '\ -, 
A polygraph recdrding showing/ concurrent tracings of mean 
arterial pressure and electrocardiogram during portions of' 
the hypotensive interval in ~D dog #9298. Mayer wave 
activity, here unassociated with sinus b~ycard1a (A) 

'-.. 
gradually, abated, and was followed by more ~evere sinus 
bradycardia (not/shown); thi~ led di_rectly to onset of 
.decreased hear~ rate associated with an a~rioventricular 
junctiofl!al,rhythm (C and D). Although init1ally requiring 
MAP support via blood -infusion 'as it developed, this . 
arrhythmia otherwise remained self-sust~ining~until tQe 
end of(the hypotens1ve period. ~ 

. 
; 
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1 

FIG. 16: A composite diagram showing the rè1ationship between 
the 'appearance of the var; ous forms of bradyeard; a, 

.. 

the req6;réments for accel-erated bloo~ uptake, and 
th rent clinieal neurologie status in the 
7 animals whicn nifested heart rate deeeleration 
dur; n~ .the hypotens ive p ; od • 

\ 
'-

" 

1 / 

1 

l' 

f 

1 

1 

, 



--------,,- ------

( 

t 

. 
r 

( 

-62-

lime in Minutes 

" .J.-
000. 0 10 20 30 .tG 50 MI 70 10 90 100 JlO 120 130 WC) ~ .PI 

9313 --• ! . Ir -. 
.- -·-i HU :v .. ~ 

~. ++ •• ••• • ". .... ~ 171l111n, 

9306 . . • • •• r '" 
HU • .... •• ••• • . , a ... 

t 110 IIIIn 

9282 . . . . . ~ .. " . ' ....... 
HU • 1t+HI ••••• • , . .... Il.ln. 

9298 • • 1 ................... " " ....-:,. 2 

HO 't--i , 1 • ••• J t4J .. ·i •• ~ .... • MIn 

9~ !--~ • " • • .; . --. ..1"'-~ 2 " .... ~,J J • • • • 
••• •• • t 1 ••• 

10 1ftIn. 

9271 
1 • , ...... ~I • = • •• .. .. .. . . .. . 

HU t· ... '~ •• • • •• a .. 11+ .................... i • 
IlIIln. 

9317 - • • ., 1----- .,a , • : J • --," HU ... ~I ••• .. '.~ ••• 
IlIIlft. 

. o 10 20 30 .tG 50 60 7'0 10 90 100 no 12) 130 140 ~ .PI 

lime in Minutes .. , 

sinus rhythm .", • ._---------- initial bradycardia 
symptomatic bradycardia 
terminal bradycardia 
Mayer waves 

spontaneous accelerated 
blood uptake 

JIll IF .' ...... . 

, 

. .. 

... " 

• , mandatory' blood uptake via 
infusion unc:ter pressure 

t' death 
.'1 immediately post reinfusion , 

CliNICAl NEUROlOGIC SlA tus ,) , 

r' 

•• .eI. Alert 
( 

•••. Drowsy 
of' <;l 5 

•• .I.'\, tuporoUi 
• , Comatose 

/ 

Ir 



, '. (, ' , 

i ' 
! 

f 

; 

~ 
1 

,~ 
} 

f , 
" 

• 

l, 

-63- -

J 

development of bradycardia: of the 7 af1ected animals, 6 were from 

the HU gràup.' Despite the often higher MAP afforded dogs which 

incurred bradycardia; the more severe insult rendered them was a1so 

expressed by \their morta1ity rate: 100% of these anima1s succumbed 

'within 4 hrs. of reinfusion, versus 55.6% of those nat so affected. 

Figure 16 summarizes briefly the clinical and hemodynamic course 

fo11owed by anima1s in which the various types of bradycardia were 
( 

observed. 

J 

. ' 

.. 

. -

• 

___ ..... '!"-:o-- .... ~"" ~:-



( 

1 

,~ 

-64-
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D. Discussion 

Though a significant central nervous element is indisputably 

mingled with the organism's response ta hemorrhage, a framework for 

inclusion of relevant neural mechanisms in a working hypothesis has not 

yet been formulated. Perhaps best established is the profound influence 

'of sympathetic activity on the course of hemorrhagic hypotension; although 

it is generally recognized that symppthetic activation provides a~ 

beneficial hemodynamic compensation to initial blood, 1055, the deleterious 

consequeAces particularly of prolonged _alpha adrenergic activity are 

also wel1 known(35,~61)~ 

The present experiment, if viewed from a clinical neurologie , 
, ....... 

standpo;nt, ';ndicates that a"\.elevated head position d~ring hypotension 
, 

undoubtedly has given rise to a more severe cerebral ischemic insult 

as compared to HD animals. Head position appears to have littl"influence 

on cerebral ·b10od flow under normotensive c~itions{l72), due both to 
(166) l', (63) reflex compensatory mechanisms and to cerebrovascu1ar autoregulation . 

During hypotension, however, these mechanisms become 1mpaired(120,154}; 

in this regard, superadded cerebral )schemia ;s the most likely cause for 

diminished cortical electrical activity(176) and neural damage(157) 
4' 

occasioned by head-up tilt. Using a, hydrostatic correction factor(99) ,_ 

the perfusion pressure at the base of tpe brain in HU dogs was ca1culated 
~ 

to be 11.6 - 15'.5 lTtn Hg less than that rec\>rded at the level of the 

aortic origin. Thus, the present experimental model furnis;es a lunique 

physiolog1cal means whereby central nervous influencas on the course of r 

hemorrhagic hypotension may be st~died, by utilizing the additional 

increme~t of cerebral ischemia provided by head elevation. 
1 

~-----_ ... _~~ ... ~ 
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Cushing(47) was the first to emphasizel the importance of the 

hemodynamic respons~ to cerebral ischemia. With this. impetus, cardiac 

and, perjphera1 vascular sympathetic activation are now known to be . , 

~ derived not on1y from 'baro- and chemoreceptor reflex mechanisms{4,49,57, 
, ' 

131,141,152,230), but especially from the ischemic· central nervous 

:;ystem itself(25,58,160,228,236). Both Grimson{1l'l) and mo~e recently 

Brown(25) have demonstrated that the major consequence of the ce~trally , 
mediated sympathetic reaction is marked peripheral vasoconstriction. 

The possibility that the HU animals had ~uffered greater deleterious 

effects from excessive vasoconstriction, here accorded to experimentally 

augmented cerebral ischemia, is suggested not only by the s~gn,ificantly , 

lower pH (P < .05) but also by the higher mortality evinced by this gruup. 

Of considerable interest wa~ the further finding that in the 

combined HU - HO series, retransfJsion of shed blood at the end of the 
il 

"hypoten~ion produced transient clinieal neurologie improvement in 

9 of the 11 animals that ~ater suecumbed under post-shock observation. 

Generally, ~e severe degrees of neurologie impairment aft~r reinfusion 

precl~ded a good prognOsis(238); however, the present work revealed 

that 4 of these latter 9 noA-survivors actua1ly beca~e alert with minimal 
.. ~ ( 

deficits at this time. It maJb~ of significance that 
) " 

, more impaired clinically during the hypotensive period 

3 of thesi 4 were 

than were any 

of the survivors; this finding would then remain consistênt with the 

~oncept that incremental cerebral ischemja, ,in precipitating a_destructive 

alpha adrenergic augmentation during hemorrhagic hypotension, could itself 

be a major determinant in the predisposition ta later death. 

" 

/' 

" 

l 
~. ' 
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. , ' 

The appearance of· brady'card'ia ,. 'sorne point ouring hemorrhagic 

hypotension. her" observel in 8 ,43.1%) .nfmais~ h.s .1so been noted 

by previous investigators. Both Roth~223) and wig~ers(26l) believed its 

onset to be an" ominous sign during severe hypotensive hëm~rrhage, the 
, . 

latter finding additionally that vagotomy did not p~vent its occurrence. 
~ 

Rush~r(22~) frequently obs~rved severe bradycardia in 1ater hemorrhagic 

shock; though he did not'discover its cause? he did note it commonly 
• , 

to be âssociated with ~arked clinic&l neurologie deterioration. More 
, ,,' .' 

rec~ntly, agonal bradycardia following an initia1 tachycardia has ~een 

reported lin exsanguina~ing dogs" together with bizarre electrocard1o- ' 

graphie patterns which preceded' as~stole or ventricular fibri11ation(1'43).' 
1 

'YThe present study de~strate~ for the first time the close assoc-/ 
~ , 

iat;on between c1inical neurologic imp~inn~nt and the Qce,urrence 

of bradycardia: ~ix of the 7 artimals which exhibited this phenomenon 

were from the HU group, whi1e 'afl 7 summarily deve1op~d' signs of severe' 

cerebral ischemi a. In ,addition. the mortal ity rate for these affected 
1 

anima1s was 100%. 

The precise mechan~m ~nderlying the bradyeardia. itself is not 

revea1ed in the present ,study. In considering' the available data, 

howev~r, the relevance of certain.findings may, be discernecl. 

"Initial" sinus bradycardia 

In~ensification of ëhemoreceptor-mbdulated vasomotor activity 

dUFing hemorrhagie hypotension is known to be the basis of the Mayer 
1 ( 

1 

\ 

[1 
1 
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, 

waves observed in the current învestigation(186); since one of the 

principal responses of chemoreceptor activation is bradYCardia(49} t this 

reflex mechanism likely accounts for the initial episodes of heart rate 

deceleration which occurred at th~ nadir of Mayer waves in the early 

stages of hypotension. Concordant with this interpretation was the 

rhythmic intermittent nature of the sinus bradycardia, and its quick 

reversa' with slight elevation of MAP, the latter taking place either 

spontaneously. or with a minimal infusion of the RBV. The effects , 

of traction on the cervical vessels have been demonstrated not to b~ 

a significant factor in the reflex response of blood pressur,e to changes' 

in head position(150) . . 
. . 

,."Symptomati Cil sinus brad,ycardia 

The sinus bradycardia observed after the prior disappearance of 

Mayer wave activity appea~d to represent o~e facet of an entirely 

different physiological process, one which may s~gest that declining 

}s~p~etic acti~ity plays a significant role in the cardiovascular 

deterioration often witnessed after prolonged hemorrhagic hypotension. , 
During prolonged cerebral ischemia, Brown(26} felt that a falling . 

\il 

cardiac output unaccompanied by a compensatory tachycardia might be 

indicative of a 105S of sympathetic effectiveness. Measurements of 
"-

regional arterial blood flow in late hemorrhagic shock have also implied 

that sorne degree of resistance vessel dilatalion may occur(225). More 
"'. 

recently, a progressive 10S5 of coronary vasodilatation was noted to 

occur às the heart decelerated during prolonged hemorrhagic shock, and 

this wa5 regarded as possibly due to waning beta adrenergic discharge(104}. 
1 

Interestingly en~u9h, though these workers commented on this rapid fal1 
.... 

reg 
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in heart rate as being significant in irreversible shock, this sign was 

considered to be unreliable in predicting' its ~urrence. Perti~nt 
~ , 

here may be findin~s that despite unvarying tissue norepinephrine l~vels 

under ord~nary Circumsta~ces(67), both splenic(48) and myocardi~1(102) 

catecholamine content have been shown ta decrease after long periods of 

hemorrhagic hypot~nsion, The capa~itance aspect of the vascular system 
'" 

has also been implicated as a possible site where an even les,s than 

d;;~-;;'-;;~--lO~~- ~f -n~uro,g;nic ~enoconstriction might be of majoir significance . 
. ~ ~ ./ .' , 

Notwithstanding the fact that ~luid 10ss from the vascular compartment , 

may account, largely for graduàl\autoinfusion of blood during protracted 

hypotension(125), the impression that circulatory capacity may increase 

in late shock has been supported by positive evidence of bath decreased 
1 

venous tone and return under these circumstances{5, 209), Especially 

relevant are Glaviano's observations that carotid occlusion would not elicit 
1 

• 1 

a cardiovascular pressor response after p.rolonged l ,,~rhagic shock; 
l ,,',,~,)' 

,'t,~" 

occlusion during the terminal normovolemic phase also sulted in a 

diminished arterial pressure elevation which was attributed to waning 

sympathetic reflex activity(98). In addition, bath pre- and post-
.. 

ganglionic sympathetic discharge have been found to decrease after 

extended hypotension, as well as with t'he post-reinfusion decline in 
h • 

blood pressu,re(13,167 9 222'). Particularly Sig~;ficant were Gootman's(103) 

observations during pro~ressive hypotens;'ve hemorrhage in vagotomized " 

cats: an initial compensatory increase tn efferent sympathetic splanchnic 

~ischarge eventually ga1re 'way to rapidly declining neuro~al activity 

which might then recover shed blood were reinfùsed, or otherwise lead 

ta 

lo'-" ........... the phenomenon of "syml>tomatic" Ibradycard1a, 

-) 
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hermdyn~mi c a lterati ons observed during théi current i nvestirati on rnay 
~ , 

a1so indica:e the onset of a simi1ar r~ative sympathetic i capacitation. 

8ecause reflex sympathetic activity(ll4) as inf1ue~ced by higher nervous 

levels(8) is largely tesponsible '"for pnJic vasomo'tor acti'vity, graduiil 
- " 

disappearance of Mayer waves during hemorrhagic hypotension may be a 

manifestation of impaired syrnpathetic circulatory control. The cloie ~ 

relationship between bradycardia and accelerated blood uptake, the latter . , 
required to otf~et an ottJn drastic fall in blood pres~ure, may again 

be suggertive of failing cardiovascula\ neurogenic compensation und~r 

these ci cumstances. Because the venous system contains approximately 

65% of t e total'blood volume(106) t while conversely the resistance -, 
1 

art~riol,bs ~are not very distensible and hold quaFltitatively little blood, 

the venous beq would seem the area rnost likely receptive to rapid massive .. . -- ... 

blood reinfusion in the event of declining sympathetic venoconstrictor '- ~ l? 
capability: In addition, a~Ugh increased fluid loss from,the micro

circulat,ion may well be concerned in' the trend towards a general1yr"" ..,., 

increased blood uptake during hypotension, conceivably this finding 
" could be partially'based on a relative conjoint increase in venous 

capacity. Thus, the coexistence ,of severe sinus bra~rdia, unimproved 
, " 

by mandatary infusion of a large volume of blood, and a subsequent 

drastic reduction in TPR, especially if manifes~d ~ a wide pulse pressure 
, 

with a t~w diastolic cornponent constitutes compelling evidence for a 

rnarked decrease in bath alpha and beta adrenergic"responsiveness. In 

one animal described in deta~'l abo~"(HU dog #9317'), a gradual rise in 

diastolic pressure saon after reinfusion suggests that sorne degree of 
-1., 

'" sympathetic tone may have been regained to offsetwhat at first appeared 

to be imminent cardiovascular collapse. That re-establishment of an 
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effective circulation may lead to at least temporary restoration of 

neuronal functio~ after prior severe blood deprivation has been • 

d t d b . . t' t (103,129',222)" It ' 1 'bl emons rate y prevlous lnves 19a,ors , seems p aUSl e, 
.tl \ 

therefore, that the increased cerebral blood flow oecasioned by reinfusion 

may have, in this instance, unmaske,rl a somewhat reversible neural deficit. 
QI> .,..;. 

This would be consistent with the temporary improvement in the animal's 

neurologie statu~ at th~s time, Indeed, the gradual alleviation of 

bradycardia seen in sorne dogs after a moderate increase in cerebral 

perfusiol pressure may also indicate this type-pf funct;onal' det~cienCy, , 

Conversely, .shou1d any partieular episode of seve~ bradycardia engendered· 

by thë hypotensive state have been pllowed to persi~, it is conceivable 

... that rieural dete4ation incurred ~t such time; might be instrumental 
\ ' 

, <) 

i~the genesis of aeute circulatory failure. Beèause severe cerebral ischemia 

was J~i~ersal in , '.' 

bradycardia phenomenon during 

hypotension, the po ibility remains that at sorne critical point, the 
, " 

resulting intense syrnpathetic activity rnay have precipitated a state of ,. 

relat~v~ neural exhaustion, 

Recent physiological studies on the autonomic control of heart 
'd 

rate also Tend credence to the conceRt of sympathetic decline as a possible 
, r" -, n • 

caus'e ~f "symptomatic" sinus bradycard~ia, Sy,mpatheticallY ~ediated 
\ 

sinus 'tachyca~ia has been establishedbas one of the classical hemodynarnjc 

compe~sations -to volune-depleting hemorrhage ,(l~,26'); however, cerebral· 
, -

isehemia is known to aetivate bbth divisions of the autonomie nervous 

system (160), and in fact V~gal influences on the sino-aurieUlar,;hde are 

considered predominant (160,161) In addition, whiTe impaired responsiveness ... 

~f the heart to sympathetic ~timulation has bee~ demonstrate& du~ing 

,. 
'p 

\ 
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hemorrhagic shock, vagal function at such times appears to -be unaff~cted(97); , 
of interest is recent work showing that e}evated serum potassium levels, a 

trend to wh;ch has occurred here, may enhance th;s ~.gal act;vlty(123), Wlth ~ j 

these points in ';nind it does not seem unre~~nable to visualize lI~ymptomatic' 
" ; ." 

sinus bradycardia as due to a relative vagal preponderarlce consequent'to 

declining beta adrenergiè reactivity. ~ , 
"Tarmi nal" bradycardia 

e 

The'appearance of br~ardia associated·wi~h atrioventricular 
è ~ 

junctional rhythms, or wit.!l,varying degrees of heart black witnesse~ in the 
) , 

present' study during late hypotension or after reinfusion, may cOAstitute' ~ 
" .. .. • >1 

yèt another type of heart decèleration. At this' 1ate stage, several -severe 
.. q 'lt,.. \; , 

metab~lit derangements coexist wRich no doubt contribute ta primary 

depression ~f th~ myocardium. Although meta~ol~c addosis(?9,252) t e"levated /' __ _ 

serum potassjum level~(76:265)" or ~irculating cardiotoxins(156\ are ~f 
less likely concern i'n causation of "symptom~tic" sinus bradycardJa, as , ; t 
evidenced by its alleviation with temporary MA~ elevation, these facto,rs, 

as well a_s t at of myo~ardial failure'(lOl ,210), may well be implicated 

in theflans of "tennina1" brad)lcard.ia. This interpretatign would be 
• • 

consistent ith failure to reverse the deceleration by means of the high~. 

more persistent e1~vations of MAP provided at these'times. As well, 

declining sympathetic activlty ~y enhance myocardial depression induted 

by metabolic a&id~s;s(217,~64}; since high rates of vagal stimulation\ are .. 
9 

known to result in complete heart block(224) , which in turn may be accen-'" ,~. 

tuateè-by incrèased serum'potas~ium levels(108), a~tonomic instability due 

ta decreasing sympathetic responsiveness may itself be a contributor to 

the prOduction of "'terminal" bradycardia. 

1 --

J. 
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E. Sunmary' 

Th~ effect of head elevation on the course of hemorrhagic hypo-
i 

" tension was examined in unanesthetized dogs, as compared with animals in 
r; 

which the head was plac~d at the level of the aortic origin. Head 

elevation caused a more rapid onset of sévere neurologie impairment to 

sUp'ervene during 
-' of mean pH and a 

'1 -

hypotension, in association wit~- a significant l~ering 

higher mortality rate. Seven of 16 animal~ develo~d 

... Pradycar~ia 't sorne point during the ~ypotensive interval, a.ccompanied 
D 

by hemo~yna 'c alterations; six of these animals belonged to the head-
.r 

elevat~d group, ile all 7 had signs of severe neurolo~ic deterioration 
1 

~an~ s~bsequently sutcumbed. Three types Of heart deceleration were 

obsefv€'d. "Initial ll sinus bradycardia noted in 3 animals was' related , 
r ' 

to phasic 'vasomotor activity eatly during hypot~nsion and reversed 

---1411Ckly with m;nim~'t eievation of MAP. "Symptomatic" sinus bradycardia 

. )y/~s observed in 6 dogs, and occurred after prtor di sappearance of phasjc 

vasomotor activity. It often resulted in a rapid drop in MAP which if 

/ not sup~rted by massive rlinfusion of blood, would lead to car~iovascular , 

collapse; it could graduillly be reversed with a~ temporary MAP elevation, 
• , 

after retrans.~u.sion/was accompanie,d in 2 dogs by a decreased TPR, and,in " 
,( , ' 

one of these also by a wide pulse pressure with a low d;asto~ic component ' 

which t;:ose spontaneously after the animal was made recumbent . ., IITerminal" 

bradycardi~ was oDserved in 2 animals consequent to prolonged hypotension 

and'invariably after reinfusion, was related to atrioventricular junctional 
" 1 , " ' 

arrythmias or atrioventricular black, and did not respOAd to MAP elevation. 
\ 1 

) 1 

Animals exhibiting bradycardia showed a trend towards higher percent uptake 
'< 

. t ~ 

of tQe MBV during the hypotensive interva1. It is proposed that during 
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• If 

• 
hemorrhagic hypoten~ion, inéreaSi~g centra~ympathetic augmentat10n due 

to'progressive cephal~) ischemia may servè to reinforce reflex alpha . , 

adrenergic activafion, th~reby promoting accelerated ~terioration ~ith 
/ ' 

a prolonged hypotensive interval. Undér these conditions, persistent 

cerebral ischemia eventually may result·in waning alpha anà beta adrenergic . , 
" ;. 

activity; this might then either contribute to the' organism's terminal 

decline, or';n certain' instances of~critical cerebral blood deprivation, 

actuaJly precip,itate acute cir~ulatory failure,. 
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Chapter IV 

A. Conclusions 
, " 

1. Elevation of the cqnine head during prolonge~ hemorrhagic 
• 1 

hypotension produced progress1vely severe clinical'neurologic impairment. 
," ....) 

Thi~ indfcates that head elevation during a hypotensive stress l~ads to 
1 

augmented cerebral ischemia. 
r }> 

'---'-
II. Head elevation during hemorrhagic hypptension resulted in a 

signifiCllnt reduction in serum pH; and a high morta,lity of 87.5%. It 

1s suggested that the~e findings are due to the detrimental effects of 
1 

excessive peripheral alpha adrenergic activation, consequent to rein-

forcement of reflex sympathetic responses by marked central autonomie 
• 

~cti~ity, itself the resul~ ~f severe 'cerebral ischemià. 

III. The appearance of bradycardia, observed in,7 animals 
. ~ 

d~ring the hypotensive interval, accompan\ed a trend towards increased 
A ! 

blood uptake~ was related in "'6 dogs to the Hea?-elevate.d position, and -

in all animals was'associated wtth slgns of severe cerebral ischemia 

and ~ub~~quent death. It is concluded that the bradycardia observed 

during profound.hemorrhagi~ hypot~nsion at least partially relates .. ,. . 
to the co-existence of intens~ cerebral bldod deprivat;·on, and that 

~ . 

its appearance port)nds a ~rave prognos;s. 
,... J -' 1 

, IV. During hYGotensio~, bradycardia' observed aftèr prior 
Q ... 

, dissipation4 of phasic yasomotor activfty and associated w1th man&atory 
! 

blo'od reinfusion for s'upport of blood pressure and avoidarice of cardio-
, 

vascular col1aps~t was accompa~ied in 2 dogs by a markedly reduced total 
. 

peripheral resistan~et and in one of these by a w1de pulse pressure with 

a l~ dias~olic component; this suggests that prolongèd cerebral ischemia 

- 1 
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f 

i ncurred dur; ng 
• , ! shock may give rise ta declining alpha and beta adrenergic· 

act1vity which could well be of significance in determining the clinical ' 

course of hemorrhagic hypot~nsion. Bath the frequent all~vta{ion of 

bradycardta with moderate blood pressure elevation and the ,spontaneous ~ 

rise ln t~e low diastolic component of a wide pulse pressure shawn after 
• t:'"' 

reinT'usi'On imply that this presumed waning of sympathe,~c responsiveness'" 

1 may têmp~rarily be reversed by,an increased cerebral,blood flow. 
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) 
/' 

Claims for original work 

Although several i~est;gators have studied the eent~al 
r 

nervous 

s~tem during"hemorrhagic 4 hypotension, the information accumulated hasl 

not yet given rise to a mechanistié hypothesi~ from which central 

neuronal influences during shock might be better under~tood. In the 
J 

present study, a new model has been introduced which has allowed a clearer 
<1 ,( 

conception of these inf)uence~to emerge. Through the unequivocal 
,~ d 

observation that HU animals had suffered more severe clinical neurologie 

deteriorati.on - with .a prolonged hypotensive stress, head elevation has 
!Ii' 

been demonstrated to be an effective physiological method whereby 
r ' 

the cerebral ischemia ,incurred during hemorrh~ic,~yp~tens;on may 

be augmented. This concept' is supported also by previous studies which 
~ . . 

have shown that head-up tilt after prev~usly induced hypotension i1f 

both physiologically and .qistologica1ly detrimental to the brain'{157 ,176). 
, 

-- Moreover, in additi<m to adv~rse effeets on the elinical neur,ol09~C 

- \ 

status, use of this ~del has jndicated that head elevat~on nuring hemorr-

ha~ic hypotension accelerates metabo]ic, ?ecompensation, and as well 

r~sults in a higher mortality. From this constellation of findings, 

the argUments for: a tenable flypothesiswoncer~ing ~igl1ificant centr~l-
. ( 

nervou~ influences gperative'during ~emorrhagic shock have been set 

forth. It has been previ~usly documented that the alpha adrenergic 

response evoke,d by cerebral jsktlemia is much more powerful than that 
, ' 

due to reflex ,syrq>athetic activation alone(228) and that this àug~nted . 
, ,. 

autonomie pressor reaction is primarily vasoconstrictive in nature{25}; 
\II , 

these f1ndings support the contention that an ischemic brain may act 
" 

ta accelerate the known detrimental effects, of prolonged vascular 

çonstriction during shock. The present observation that eventual death . 
1nvariably is'assoeiated ~ith severe neurologie impairment during hypo-

tension, in spite of temporary clinical improvement after reinfusion 

l, 
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,~ 

remains entirely consistent with this concept. 
" t, 

This study has also shown for the first time a link between the 
\\ " 

occurrence of bradycardia during profound hemorrhagic hypotension, and 

the presence of severe concur.rent neurologi c impai nnen\. Several 

investigators have noted the appearance of heart~ate deceleration 

during terminal shoek~ but its definitive relationship to marked 

neurologie deterioratioo at this time had not been pre'viously,established. 

Three forrs of bradycardia have been charaeterized, each with somewhat 
1 1 

different accompanying hemodynamic parametersj ~at ,here i5 considered 
4 

particularly significant is tffat type of bradycardia preceded-by 

disappearance of phasic vasomotor activi~y and, necessitat)ng rapid 

C~PiOUS uptake of reservoir blood to dt:~r a falling s~stemic ,arterial 

pressure and subsequent cardiovascular cOllapse. s;nce~n addition 

two of these animal s )were observed to have a decreased total peri phera 1 

reSis.ta~ce closely associated with""events of this nature, one as well 

manifesting a wide pulse pressure with a low diastolic component, it 
.r 

;s suggested that this study provides compel1ing evidence for the 

. expression of decliriing alpha and beta adrenergic activity during 

~ 

prolonge~ hemorrhagic hypotension. Al~ough Gootman(103) hàs demonstrated 

that the sudden fall in blood pressure coincides with diminish~d sympathetic 

neuronal discha~ges under these ~itions. the current work specifical;y 1 . 
relates th;s form of hemôdy~a~c alteration to the presence of severe 

cerebral ischemlil. 
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TABLE ,1: Shows absolute values for serum pH. Means:. standard 
, 4. ' ,dev; ations are calcul ated for ea'ch time interval. Head 

~ ~ UP animals had signif1cantly lower values at 6~, 90 and 
120,~nutes of'hypotension, as wel~as aft~r rèinfu'sfon 

'(P < 0.05). 
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..... DOG,# 9253 9264 
.. PRE-* 
~ SHOCK 7.362 7.292 

tn 
CD 

! 

30 . 
7.210 7.320 .... . 

'::J 
c: .- 60 <6.800 7.250 

"- . ~ 
C H ... 90 ' (6.800 7.210 

Q) 

E .-
, 

-120 < 6.800 
,~ 

7 .~265 -t- . 
150 <6.800 L,220 

POST 
b 

IEINFU- 6.B88 7.284 

" 
SION 

Tf\BLE l B 
SERUM pH .;, 

1 

ABSOLUTE VALUES 
HEAD UP IF 

\ 

9271 9282 9293 9306 9-313 

7.470 7.355 \ 7.390 7.375 7.482 
0 

7.020 T.230 7.304 7.218" II" 7.330 

< 6.800 6.905 7.005 7.082· 7.183 

"'-< 6.800 6.810 6.860 6.925 0.885 
, " '" 

< 6.800 ' 6.821 6.972- < 6.800 ,6.992 

K 6.890 
~ - < 6-.800 < 6. BOO'-~ 7.057- 7.110 

, 

6.-828 7.000 7.100 7.080 7.210 

9317 

7.410 

7.012 

< 6.800 

< 6.800 

Ir 

- 6.916 

-

<6.800 

If 
*Preshock= Control • p< 0.05 

" 

$ 

~ 

Il' 

~ 

4' 

,- ~ ... -

-7 

MEAN :t SD 

7.392 0.062 
~c 

7.206 0.126 

6.978 0.180 

6.886 0.139 

6.92J-- 0.160 

6.941 0.182 
. 

7.024 0.177 

Jff 
~-

, . 

~ 

• 
• 
• 

1 

1 

, • 

,1" 1 

" \D 
1 

" 

~ 
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? 

~ 

.. 

o 

~. 
Dd.G# 9261 9269 

, 
,,Il E'- '*" 
SHOCt( . ,7.528 7.420 

ri) 

• '(1) 

~ 
G: 

~ 

30 . 7.410 7.315 
i' f 

" ,60 7.345 7.218 

C 90 -
_7.305 ~ 7.250 

.Q) .. E , .-r- 120 7.312 7.335 

I--

150 7.418 7.344 
c 

.POST . 

REIr.b~- 7.395 . 7.360 .. 
,-' 

\\ 

.. 
'\ 

'1 <> 

TABLE l A 
S~RUM pH - ~ 

1 

ABSOLUTE VALUES 
HEAD DOWN 

9273 9291 9298 9311 
'JI'" 

7.420 7.470 7.410 7.490 . 
7.221 7.~10 7.175 7.340 

7.140 7.333 6.948 7.140 

7.083 7.325 < 6.800 6.996 

Z.090 7.320 (6.800 7.000 
• , 

7.095 7.210 <6.800 7.085 

" 

7.'30 7.280 &':988 
.-

7.238 
L _________ -

9316 

7.395 

7.345 
.... 

7.193 

. 7.189 
- 1. 

7.250 

7.19Z 

7.260 

9322 

7.478 

7.280 

7.010 

6.960 

'6.955 

}.022 

~ 
7.232 

* Preshock= Control 
'# 

• P<O.O 5 ... 

1 

r 
\ 

, 

MEAN ~SD 

7.4fr1 0.046 

7.312 0.084 

7.166 0.139 

7,14 0.186 

7.135 0.199 

7.146 0.193 

7.235 0.128 

.. 

~ 

• 
• 
• 

• 

") 

'Y 

" 

• 

1 
<Xl o 
1 
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Table Il: Shows hematocrit values expressed as percent of 

'1 

control ('i.e) preshock values. Mean~~ standard 
deviations are calculated for each time 1nterval. ~ 
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TABLE II B 

HEMATOCRIT 

(1) 
Q) .... 
::::J 
c: 
~ 
c: --
Cl) 

E .-r-

~ 

" 

l-j 
.. 

DOG# 9258 
PREb l 

SHO K:;; 36.0 

30 104/ 
. 

60 ... 133 

90 \ 
136 

lZO """ 
141 

150 136 . 
, POST l' .... 

REINFU- 141 
SION 

9264 

1 40.0 
" 

- 82 

77 

72 

75 

67 

117 

1 

%,'of ÇQNTROL 
HEAD UP 

9271 9282 9293 Jl306 

45.0 4B.5 43. ( 49.0 

77 82 . 100 108 

86 92 111 102 

91 102 127 96 . 

, 
111 11B 125 104 

. 
117 ' . 126' 127 110 

117./ - 119 127 122 

~ , 

*Pr9~hock = Cont roi = 100~ % 
~ 

.. 

-
'" 1.. 

.. , 
? 

.., 

,\ 

9313 9317 

41.0 '1 48.0 

,. 

75 "\ 75 
> " 

" 0 

~ 

73 .12 

68 81 ... 

65 81 

67 - , 

95 102 
). 

...~-\ 

\ 
t'~ 

'. 

~ 

/ 
MEAN 

S.8 

88 

93 

97 

103 

107 

118 

-

t , 

't SD 

4.7 

14 

21 

25 

27 

29 

14 

{; 

~ 

~ 

1 

fi' 

; 

, 

1 
co 
N 
1 

, tt .,,_~.~_"_ ~ __ ~~ __ ",..,., __ ~ ........ .-.. .... --,,_> .......... --. 

~ 

. \ 

~ 

.. 

l' . , , 
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~~ 
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'$ 

,1! 

,r-:::::, TMli II A ~ 

- 'HEMATOCRIT 
'% of CONTROL 

HEAD D'OWN 

~ DOG# 9261 9269 9273 9291 9298 9311 9316 

(f' 

,./ 

-\ , 
,. 

th-

~ 
::J 
C 

.' ~ 
C 

J'-
a> 
E' 
t-

PRE-
5 HOCK,.1j 

30 
" 

60 

90 

120 

1-50 

PO'ST 
lEINFU-

SION 

, 

36.0 38.0 42.0 

100 84 82 
, .. / 

83 73 71 

77 78 82 , 

91 81 92 

102 84 103 
j.-

105 107 117 

*Presh
l 
ock = Control = 100 % 

, 1 

.:. " 
~ 

51.0 

104 

106 

107 

109 -

118 

123 

~ ~ :1 

'-1 1 , '1' '- -F • 

, --------------

-
44.5 47.0 51.0 

98 101 78 

J 

98 97 80 , 

116 97 74 ' 
, 

126 125 72 

130 106 76 

.132 127 111 

1< 

9322 MEAN 

41.0 43.8 
4 

; 

121 95 

107 89 
_'lt.c 

13,5 96 

., 
132 104 

. 131 106 
, 

143 12" -

(.' 

:, 

"" 

r 

.......... , 

~\ 

( 

~~ 
) ~ ,-

~ 

!SD 1 

1 

~ ! 

5.6 

15 

14 
J 

1 

22 -
'" 

23 

20 

13 

4. 

.. 
o • 

:. 

~ 

1 

~ 

1 

,# i; 

..--
~-------
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Table III: 

1 

\ 

" 

i . 

i'" , 
:- ; '1 

~" .. ..... ---

'-84-

... 

./ 

.' 

, 
t 

'1" 

/ 

\ 
( 

... 
~ 1 

Shows absolute value~\for bleeding volumes expressed in . , 
cc/Kg. of animal weight.' Both groups demonst,rated similar . 

o 1 ' 
trends ~n bleeding vo.1ume and later blood uptake from' the 
reservo; r du ri ng hypoten~s ;.Qn:' Ep'i sodeJ. of rapi d b 1 ood ' 

infusion ~nd re.bleed1ng af1e not pe~cessari1y reflected 
; in the values shown, sinèe- ra'pid changes may have 
. o~rred'<b~tw.een p;ede~ignated're.cà~ding intervals. 
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1 

_{:" TABlE III B . ~ ~ 

~ · BLEEDING VOLUME in ~cc'r-I kg -

• . ~ 
l 

i 
j, 

..... 

,.~ 

II) 

CD 
.~ 

;:) 
c: 

~ 
&:: 

, Q) --..... 

E 
1-

'DbG #' 

O· 
10 
20 
30 
40 

,~O' 
6 
71 

80 
·90 
100 
110 . 
120 . 
.3C 
,41 
51 •• 

-
o/OU~tak. 
'0 

MBV 

9258 9264 
49.7 39.5 
'50.9 4t1:3 
59.0 * 46.3 

5&.7 48.3 
47.8 54.~ . 
37.8 54.'3 
32.2 54.3 

\ ' 

31.6 55_3 

31. 3 56.3 * 
27.2 55.0 

27.8 54.3 

• 26.6 54.3 

22.8 55.3 
15A 3 55.3 
19. l 55.3 

16.6 51.3" 

71.9', 8.9 . 

• HEAD UP 

9271 9282 9293 9306 9313 9317 
'27.6 59 5 40 0 29.2 27.2 28.4 

.-/ 

. 33.4 57.1 45.0 29.2 28.5 38.1 
. 39.2 * DS6.6 ..J' 47.4 48.9 29".8 42.4 * 

37.6 61.8 * 52.1 * 45.6 '34.9 40.8 
37. l 61.2 51.2 5;'0 35.5 39.7 
33.9 58.3 48. 1 52.7 * 42.6 38.1 
30.3 54.2 39.7 48_~ . 42.6 34.8 
28.1 52.5 35.0 51.0 40.0 35.9 
25.5 . 49.6 33.8 50.0 43.8 * 28.4 

25.0 44.4 32.6 49.4 )40.0 25.1 
" 

22.4 44.4 31.~ 46.7 40.6 29.4 
21. 3 ' 42.6 31. 3 43.5 39.4 28.4 

.19.7 39.7 .29.5 42.3 40.0 29.4 

17 .1 38.6 28.2 39.2 38.7 26.2 

16.0 34.8 26.4 39.2 37.4 '0 

15 0 28, l 26.0 37.0 ~ ~36. 2 -
~\ 

100~0 61.7 54.5 50.1 29.8 17.4 

.~ 
-,. ...... 

... 

MEAN. . :!: 5~ ., .. 
37,6 11.9 .J . 
40.3 lQ.2 

46.2 9.4 

fi?2 ~ 
47.2 9.d 

45.7, 8.9 \ 
42 .. 1 .9 .. 5 
41.2 , 110.4 ., 
3~ .,B 11. 5 " 

37.3 11.~ 1 

37.1 11.~ 
• en 

U'1 
1 

35.9 10.~~ 

' 34.8 11.7 
32.3 13.3 
32.6 13.4 
30.0 12.7 

49.3 30.0 

'T= O~ fBV(Jnitial BleedingIT=150:-FBV(Final B'eedingl*=MBV(MaximumB'eeding 
Volume} _ Volume~ Volume} 

- --
~ \ 

~ 
"\ 

lro. , c, 
r • *_r cpr 3' '1nT 1a "l"mi nn ; 7 n 1 ra t'tU'%' ,. Mm.,. t'? pp -=.1 -..-...,,". u~ fit. l 

." __ " __ i-W"~ __ .. .. ~ ......... ~ ....... "" .. ~ ........... 
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1 
• Il : 
l ~ 
t ' .. 
ï 
i ~ 

1 , 
$ 

f, 

l 

~ 
î 
1 
1 

1· , 
;: 
! 

~ 

, 

DOG # 9261 9269 
, ( . '24.3 31.6 
10 28.3 35.3 

20 31. 7 37.8 

30 33.1. __ ~ 6. 

1 'u) 

CP 
~ .... 

t 
:::l 
c: .-
~ , c 

, f CI) 
i -E 
1 1-
~ 

40 37.7 42.8 

5 39.0 .43.8 

6L 39.0 43.8 

7r 41. 7 ~ --'44.1 .. 

~ 81 41.0 42.8 

90 ' 40.4 41.6 
100 40.0 41.6 ~ 

110 39.0 41. 3 

120 36.4 40.3 
t '130 -35.0 40.0 

140 33: 7 40.0 

150· , 31.0 36.6 

O~o~rta~ . 25.7 17.0 .. 
Mav 

T-pOwlBV ) J>o 

~~ 

'-

... ------ . 

.. 'Ô 

TABtE III A 
BlEEDING \!QlUMÈ in èc 1 ~g 

HEAD DOWN 
""'-

~9273 9291 9298 9311 9316 ~322 
33.7 33Q .1~ ? Al a 36 .... 6 .. 3.8.-0_ 
31.0 36.3 

, 
44.3 41.9 41.0 43 7 . 

-38.3 39.7 51. 4 43.0 43.2 . 48.3 

':!R':! 43 ? 52 'n 44,R 45.4 49 5 * 
42.3 44.4 l- 54.2 * 46.2* ,49.5* 49.0 ~ 

46.7 * 47.9 * 53.1 4A,K' .4R 7 4.7 ? 

45.0 46.]-- , 42. 1 44.2 48.7 44.4~ 
, 

44.3 47.9 39.3 43.0 48.1 43.5 
43.0 4~. 7 36.0 41. 3 47.6 ' 39.8 . 
40.3 45.5 31.1 ...Q 38.5 46.0- 38.0 
40:0 46.-7 31.1 37.9 ' 46.5 . 34.5 
37.7 .47.3 27.8 35.6 47.6 36.7 
37.0 46.7 28.9 35.6 45.9 :n.R 

33.7 45.0 25.6 , 34.5 45 4 33,4 
33.3 43.2 25.6 33.4 45.4 31.5 
33.3 40.9 21.2 32.8 45.4 30.6 

28.7 14.6 60.1 . 29.0 8.,3 38.2 

\.= 

! • 
"'\ 

\ 
~ 1 

MEAN 

1-.35....4 

37,7 

41. 7 
4~ .1 

45.8 
.41\ 4. 

44 2 
44.0 
42.3 

40.2 
39.@' 
39. l 
1R .1 

36.6 
35.8 
34.0 

27.8 

~ T=t50=FBV - , *=MBV 
\ 

' . 

Cf 

" 

± SD . ' 

~n~ 

n,n 

6.2 ... 

5 9--

5. 1 
" 

A 1 

2,9 

2.9 
s.7 
4 7 
;,4 

6 5 
4. ~ 

6.6 
i-

5.4 • 
6,6 

16.4· 

~ 

~ 
~ 

.. ,. 

/ 
~ 

. 

.. 
1 

~ 

~ ... 

, 

1 

~ , 

c. 

... 

~ 

" 

• II rr wn t ...... ' :, Sîiffniriz,it àëiubtzttat lé b ~ • .....tL._--=-"'"--.........,_"'~ ..... L..-___ 

• 

( 
--; 

" fJ 
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Table IVe Shows absol ute' val ues for serllm potassium concentrations,' 
"" in ~9 percent. Means + standard deviations are calculate,d 

for each time 1nterval. 
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.. '" , . 

1 

DOG # 

CI) 
Q) .... ::s. 
c 
~ 
c 

CD 
E' 
t-

PRE *' 
SHOCK 

30 

60 

90 

120 

150 
post· 
REINFLJ-
StON 

..... \t+ ~~ ""-. " 

L TABLE IV B 
SERUM POTASSIUM CONCENTRTION in mg % 

ABSOlUTE VALUES 
~ 

"-
9258 9264 9271 9282 929~ 9306 9313 9317 MEAN 

4 1 
3.3 3.2 3.7 3. l 4.0 3.8 3.0 . 3.5 3.5 

-

~8. 7 4.0 . 5.9 6.5 5.6 4r6 4.0 7.2 5.8 
, 

, 

9.8 4.0 9. 1 . 8.8 8.S 5.1 4.6 9.0 7.4 

1.8 4.8 9.0 7.7 6.5 7.4 5.0 9.2 7.1 
r 

~ , 
9.2 4.0 8.3 8. 1 7.0 8.8 5.9 8.9 7.5 

9.4 5.6 8.0 8.8 1.9 8.4 6.8 - 7.8 

9.8 4.5 9.8 8.4 7,.,6 8.8 6.2 9.5 8.0 
, 
-

*Preshock =Control 

~ ( 
" / 

" / 

)'LI. cHF" _ pt ,.,'·'1.. • .m,. 

~ 

~ SD 

o 3 

1.6 

2.4 

1.6 

1.8 

1.3 

. 
1.9 

~ 

, ' 

~ 

.!t 

1 
00 
00 
1 

, , 

.. 

.j 

Itj 
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t 
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1 
i 
1 
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~ 

1 

1 ' 
~ 

, ~ 

~ 

CI) 

CD 
ot
::> 
c: .-
~ 
c: .-

/ 
~'-) 

DOG # 

P1tE-~ 
SHOCk 

30 
<-

60 
-

'90 

// 
~// 

TABLE IV A \ 

SERUM POTASStbM COt\lCENTRATION in mg % 

ABSOLUTE 'VALUES 
HEAD.DOWN 

!!. 

9261 9269 9273 9291 9298 9311 9316 9322 MEAN 
. . . 
'\ 

, 
, 

":\ 1 ~ ~ 3.6 3.8 4.2 4,0 ":\Fi ':l ~- - ':l ~ 

, . 
3.8, . 4.2 5. 1 3.5 5.7 4.9 4.3 5.4 4.6 

3.7 4.8 6.5 4.7 . 10.7 5.2 4.9 5.8 5.8 
f' 

3.7 4. 1 6.3 4.6 9.2 '6.3 5.4 5.7 5.7 

: 

±SD 

n ':l 

0.8 

. 2.1 , 

1.7 
Q) 

E. 
le -
;: 

120 3.7 4.5 6.2 6.5 9.3 6.1 5.5 6.9 6. l 1.7 
~ -

150 3.7 
" 

4.8 6.3 6.5 9.4 7.5 5.8 7.3 6.4 . 1.7 . 
\ ~ 

POST 
G • > 

REINFU' 3.4 4~4 5.9 6.4 10.3 6.3 i· 1 '. 6.1 6.1 2.0 
SION 

~ . 
Preshock:Control· .... 

.'" " 

.~ 
;. 

•• cuur . LI If 7 11 ;in • • 'st . . a li Il f ,; 1 ln ,.. .. ms ' $ 

~ 

, ~ 

10. 

1 
t .tg 

1 

, 

ç, 

~ 
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~ 

---- . <; 

:'"""" 

t/) 
-Cl) .... 

-::1 
c: .-
~ 

c' .-
(1) 

E 
1-

DOG# 

'IE-* 
,SHOCK 

"3D 

<60 

90 

120 

150 
POST 
REINPU 
SION, 

o 1.. 

,9258 

19.10 

261 

. . 
258 

'. 

156 ' 

238 

167 

201 

-• 

9264 

9.24 

485 

490 
~ 

3~3 

282 

351 . 

247 

... , 
, .J 

TABLE V B 
<.~,.-LACTATE/PYRUVATE, RATIO 

%of CONTROL 
'HEAD UP 

"-

9271 9282 9293 9306 9313 9317 
~ 

" -14.45 8.37 7. 77 8.85 7.68 , 5.64 
-

475 384. 172 148 248 381 

1099 505 299 3D4 517 631 . 
913 326 418 241 431 812 

796 277 353 394 - . 550 ' , 

1 _ 417 361 521 302 312 -

477 359 428 310 363 313 
' -

.. -- -- L __ ~~. _____ 
._--~.-

.. 

MEAN 

10. 14 

:---. 
319' 

513 
: 

456 

413 . 

347 ' 

337 

,......" 
.~ 

± 5D· 

. 
4.41 . 

J 31 

270 < 
J 

268 

198 

109 

90 ". 

1 
l.C 

~I 
~ 

~Preshock=Control= 100'0 

" 
'\ .. , .. 

.. ,j 

!"t .. n"I!;.,:triu •• r '(':U.i"l .... i. n'l' nUl •• SI '. l" 1" s. t. "1 ----------_.-._-



",:I..I\~"",,-r::-.... _.. "!-~ ..... « :-

4 

~ 

--

CI) 

Q) ..... 
:::> 
c 

~ 
c 
Q) 

E 
-j.:: 

,~ 

" 

'DOG# 

PItE- * 
SHOCK 

30 

60 

90 

12 a 

150 
POST 
REINFU-
SION 

" 

-' 

9261 9269 

1'.58 11 .61 

293 494 

318 496 

413 314 

'-

531 361 

577 478 

1741 482 

, ' 

.-

-'. TABLE 'V /1" : 

JÀCTATE/PY-RUVATÉ .,RÀTtO < 

,%oF-CONRQt -, -, 
- - , .-

HEAD·DOWN 
. 

927.3 9291 92'98 9311 ~316 . 9322: 
-

11 .20 6.35 13.08 4.25 4.39 4.06 
. 

J;;I 

' 344 212 . 534 ,377 251 547 

451 262 429 381 252 459 . 

399 210 317 369 270 354 
, 

462 376 239 401 323 545 . 

528 374 236 434 391 552 
-

440 383 242 757 365 934 
-~-_ .. - ------- --

*Preshock=Control= 100 % 
• ~ 

~ 
/ 

~ 1"'"\ 

...... 
" 

. 

MEAN :t.SD 
-

7.82- 3.6-7_ : 
0 

-
382 l JO "-

381 94 
, 

331 68 

405 104 
1 

446' 
1 . 

113 " 
--

1 - - ., 

&.68 489 
-

.----- .... --~ --- - .... _- -- ... - .... .- lt MSi'" 17. ft '711 tes ft tg m f' ee » me DONb '. 

c 

" 

1 
l.O 
N 
1 

...... 
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Total peripheral re~istance in mm H9/liter/minu~e, 
expres'sed as 'percent of ~on,tro1 (i .e.) preshock 'v~lues.: <\ 

Means !. standard dev'fations are calculated for each 
U'me, i nterva 1. 
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CI) 
Q) -:::) 
c: 

~ 
c: 

Q) 

E 
~ 

TOTAL -PERJ·PHERAl RESISTANCE in ,mm Hg/liter/minute , . -% of CONTRO~ -, . -
, HEAD UP 

... 

~ DOG # 9258 9264 9271 -9282 9293 9306 9313 ,9317 MEAN !: 'SO 
PRE-* < 

SHOCK 50.66 46.05 - 36.34 32.86- 52.04 50. OO~ 41,.81 39. G4 "' 43.60 '}.17,; - / 

-_30 -165 87 246 320 170 92 128 197 1'76 , 79 -
-. 

60 162 ( 60 240 196 . 88 88 158 171 . 145 - .61 
-

-, 

90 101 58 124· 196 85 108-. ln 66 - ./ lOg" ,. 43' - . . 
~ 

. 
120 92 . 108 57 188 . - 228 79 98 72- 115 60 , 

" ,- . - ~ -150 118 59 163 133 110 84 89. - 108 34 
-. . -POST-

REINFU· 67 141 156 242 125 191 79 ",30 _ 129 69 -- . SION . - . . 
* Preshôc'k= Control= 100% 
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TABLE VI l\ 

-/ TOTAL PERIPHERAL RESISTANCE in mm Hg/liter}nin. 

DOG# 9261 9269 
PRE-
SHOCk*f 47.33 59.28 

30 85 70 

, 

60 94 56 

'Tf' 

90 72 <> 60 
. 

-120 89 68 

150 90 67 

POST -t 
REINFU 154 164 
SION 
--- --_ .. --- - L-. 

% of CO'NTROl 
~ ~HEAD DOWN 

9273 9291 9298 9311 

38.87 40.98 81.17 29.41 

~ 
143 121 82 236 

. r 
145 l,55 63 235 

-
164 138 75 196 

i-

137 174 65 140 

146 155 62 129 

181 340 .81 317 . . 
--

* Preshock=Control: ioo%. 
, 

~ 

! 

9316 9322 ~EAN ~ SD 

21.66 45.28 45.50 18.35 

284 224 156 82 . 

2"50 99 137 . 74 
- -

192 115 126 55 

152 . 140 121 41 

155 127 116 ~ 38 

361 138 217 106 _ 
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Table VII: 

.. 

'. 

/ -96-

of 

. \ 

... \ 

\ 
\ -. 

. { 

~y i V , 

Shows cardiac output in liters/minute expressed as 
percent of Cbn.tro 1 (;. e.) preshock values. Means.!. 

. ~ ... 

.." standard deviations aré calculated for each time 0" 

interval. Durinq hypotensioQ"both groups demonstrated 
severe decreases in cardiac output; low outputs also 
pertaTh.ed' after"reinll's;on, such that with two exceptions 
as described in the ~xt, no animal regained jts pre- . 
shock value'at this time. 
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DOG# 

PRE * 
SHOCK 

30 

60 

90 

120 

150 
_ POSer 

'EINF U" 
SION 
--

',,--9.. 

9258 
/" 

2.27 

21 
--

24 

37 

36 

42 

130 

TABLE VII B 

CARDIAC OUTPUT in litres/minute 
, % of control D -

HEAD UP 
• -
9264, 9271 9282 9293 93(\) 9313 9317 

"\ 

3.04 3.44 \ 3.50 2.21 2.50 2.99 3.33 

: 

33 16 ~ 11. 22 33 25 16 
, 

' 48 . 13 18 37 34 18 25 
<.. , 

50 27 18 41 30 27 47 . . 
_o.. 

47 22 14 44 33 31 43 -

~5 22 25 32 ' 36 34 -
./ 

78 37 31, 66 50 38 ; 191 

- i.-~- --- _ ---~ 1.- ~ . 

t.t.E'AN : 5D 

2.91 0.52 

23 3 

26 11 

32 1Z-

32 11 

IP 

'14 8 , 

78 30 

---

~ 

1 

i 

1 
>0 

~'" 1 

{JO 

...... 

*p reshoc k =Control=100% : 
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T.Af:.~ VII A 
CARDAIC q~VUT in litre~ 1 minute 

. , . % 6f cont roi , .. 

1 

~ HEAD DOWN -> • 
~ " 5' 1 

OOG# 9261 9~ ~ 9273 9291' 92'98 9311 9316 9~22 
PRE * 2.43 1.94 2.44 1.54 3.91 5.77 2.54 SHOCK 2.83 

. 
, 3'0 46 50 ,25 37 39 14 ' 11' 15 

~ . 
60 

. . 
37 '59 25 23 47 15\ 7,'3 33 , 

90 45 58 21 29 48 17 7 16 ' 28 
./ 

120 37' 52 27 23 49 23, 20 23 
~ 

150 '3t5 ~ 23 26 ' 65 25 19 26 
" 

POST 
. 

... 
REINFU- 74 69 45 25 64 37 36 85 
SION ..., 

, 

*Preshock= Control= 100 % -
,. 

,... 

.. 

~ 

~ 7 

• 

MEAN ~SD 

?-~ '1. 34 
-

3So.- ' 15 

32 16 

33 16 ~ 

32 13 

34 16 
. 

, 
54 22 

) 
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Tab le VII l': 
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-
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Show~ 'héart. rates/minut~ exprëssed as percent of . 
control (i.e.) preshock values. Means + standard - ~ , ' -
deviations are calculated for each time interval. ,,' -
Both groups d~monstrated a compe~satory tachycardia 

, durir'l'g the hypotensive period. Transiént episodes 

1 • 

1 

.of bràdycardia are not nece.sarily revealed sjnce1(" ; r 1 

the values shown were recorded at the pr:defined ' 
~ 

t1me intervals only. 
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~ '- HEÀRTTRBA~~I }JAINUTE 
%~CONIROl 

HEAD UP 
\. 

.... 

DOG # 9258 9264 19271 9282 9293 9306 9313 9317 ME.A~ !SD 1 

PRE SHOCK 80 180 1;0 1;0 110 160 IL ?OO 160 14q 1R 

lU 150 \1.72 73 107 173 94 65 113 127 43 
lU 225 78 87 120 200, 125 - 75 125 129 . ...{.r 56 

::SU 225 89 93 120 218 138 90 144 115 55. 

'tU 250 106 73 100 245 150 R5 156 U~~ f!iQ 

!lU 250 nl 87 '100 236 156 85 150 147 65 

60 263 106 ·93 107 218 150 95 144 147 63 

ZU 225 122 80 fY 100 191 163 100 138 140 50 

HU 188 122 67 100 173 156 105 81 124 44 

~9 213 111 .. 73 113 ,191 156 95 125 135 48-

1 U U 200 117 (JT-- 11 3 . 182 n 3 90 -. 'f: 113 124 4; 

11U '!t8' 122 13 113 191 119" 90~, 144 110 n? 

120 200 122 93 107 - 191 _ 131 90 .138 '\.. ", l1h 42 

,jU 100 128 93 107 1Ql llQ co _l~A "l'l' \ •• 

_40 238· 122 80 100 200 119 ~ 35 ~ 123 1 M 

150 '13 111 80" 93 191 125 85 - '114{, 3~ 
~~ ~ il!1"'I:IIC~ON 100 83 67 100 209 119 95 56 - 1'[1 -4i 
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DOG :# 9261 9269 
PRe SHOCK 250 '160 

lU 76 94 
~U 76 113 ,b ~ 80 131 
4,~ 88 138 

, 5JJ SB 13B 
U) 

CI) 
oi-
::) 

60 84 144 

70 92 150 
c: 80 92 144 

~ YU 92 150 

c: lUU" 96 144 
11U 96 144 

CI) 

'E .-
12U 96 150 
IjO 100 1-50 ..... 140 -

100 -t5O 

150 100 150 
POST-
II:I wl:lltOlftN 76 1.Q,6 

..... 

, 
'. 

, , -

... TABLE VIII ,~ '." -

HEART RATEl MINUTE 
% of CONTROL 

HEAD DOWN 

9273 9291 9298- 9311 9316 

150 170 70 ' 180 170 
93 71 229 72- . 88 

100 _ ,," 257 94 88 --"70 

93 98 257 111 94 -
100 94 286 133 ' 112 
107 100 271 150 112 

113 100 271 156 118 
113 112 229 161 11B 

120 118 171 156 118 
-- 120 129 171 150 118 

127 129 143 150 124 
133 135 129 150 124 
127 135 " 186 144 124 
133 129 114 . 122 . 124 
133 129 114 144 lT8 
133 135 114 . 144 118 

113 106 157 111 94 

Preshock:;: Contro = 100 % ./" 

-s 
" 

9322 

130 

92 
lOB 
lOB 

131 
, ~A 

146 
146 

154 

154 
V, 54 

154 
154 

146. 
146 

- 138 

lOB 

~. 

"' 

.. "''' . ..... - .. ' 
l '.! 

~!J • j. 

MEAN :!:SD 

160 ;0 

102 52 
114 ~ 

120 5&' 
135 64 l 
, ~A 5a 
142 !iR : 

- 1---

43 1 140 

134 26 1 

136 25 

133 19 
133 18 
140 26 

127 16 
129 18 

129 18 

10Q • 23 
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Table IX: Compares duripg hypotension the percent uptak~ of the ~ 

maximal bleeding volume in animals manifesting braoycardia 
v~. those which d1d nct. This was calculated as 

MBVMBVFBV X 100 

The trend towards higher percent uptake in animals which ' 
( 1 

demonstrated bradycardia is evident. 
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4 ....... ~ 

( 

1 

, ' 

~ 

, 0 

/ 

000# 9316 

~ 
8.3 

iuPTAKt 

DOG~ 9313 
.~ 

U;TAIC! 
17.4 

1 
-103-

" 

tABLÉ l'x 
PERCENT UPTAK E OF 
~ \ 

/ MAXIMAL 8LEE.oING VO~UME 
, \ 

Non 8radyca rdia ' 
... 

9264 9291 9269 9261 9~73 9311 
/ 

8.9 14.6 17.0 25.7 28.7 29.0 

8radycardia 

9306 9282 9298 9271 9258 9317 

,'29.8 54.~ 60.1 61.1 71.9 ' 100.0 ,. 

.. 

...... ~I/fIl'tI', ....... .., J~"'''' ~p fi>:' "1 _ ...... ,,_ ... ""''''''':'t')_~~~ .. .ot ....... _t\'~ ...... ilfll''~''~'''''''''P'''''''''''''''''~~_''''~_'_''' .. ..--,...- __ ....... ~_ ~ ~ 
• 1 

9322 9293 
, 

38.2 50.1 
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