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INTR0DUCTION: This p2.per is primarily conce rned with the 

shock which frequently complicates a septicemia c aused by gram 

negative organisms. A brief review of the literature will be 

p resented first. This wi l l concern itself with the incidence, 

causative organism, clinical picture, theories on the mechanism 

for the shock picture and tre atment regimens. This will be 

followed by a discussion of the different aspects brought out 

in the literature review. From this a logical method of treatment 

will be derived. 

REVIEW OF nm LITERATURE 

n ;CIDENCE: The term endotoxin shock is us ed in t his paper 

to include t hat shock which arises secondary to a gram neg2.tive 

septicemia. Shock of this nature has shown an incre ~,sing incidence 

since the 1940' s . Martin et <'!.l ( 44) show that the incidence of 

shock was approximately 25% in the 19~' s and is now approaching 

33% in all gram negative septicemias. Other writers re;)ort 

similar incidences of shock in a proven gram ne gative septicemia. 

( 48 ) , ( 6 5) ( 90) . 

Beside the incre asing incidence of endotoxin shock, there is 

also an increasing incidence of gram negative sep ticemias. 

McCabe ( 46) report .:-; t hat t his incidence has increased some five 

times since 1951 . 

ORGANISMS : Nt1r.1erous org.:nisms have been irn .:i.icated as 

causing a gram ne r,ative seL, ticemia. The following is a partial 



list i ndi c .:--ti ng t he r.ios t fre quent off ende r s. The nua bers in 

aren t he s is re f lect t h e nunber of de a t hs. 

TABLE I 

AUTriOR PSEUDOi,iJNAS PROTEUS E.COLI AERJDACTER B.lCTERvIDES 

14 8 (6 ) 5(3) 6(5) 3(1) 

48 3(2) 6(2) 8(2) 11(6) 2(1) 

75 12 14 76 2 4 4 

TOTAL 23 25 90 38 -6 -
In a t t em, ti ng to isolate t he c ausative organisr.1 one must ke ep 

t he following points in mind. 

1( Draw t h e blood during- t h e chill. Ti1i s wi l l i ncre ase the 

li kelyh ood of isolating t he organism. 

2) I ncubate b ot i1 aerobically and anerobically. Bacteroides 

and ot her anerobes wil l not be i s ol a ted if anerobic incubation 

is not done ( 49 ) . 

3) Cont inue incub, ti on for at l e 2: t t h ree weeks or Bacteroi des 

may be nissed (49). 

4) Sensitivity studies s hou l d be done . Im,ortance of this 

wil l be discus s ed later . 

PREDISPOSING FACTORS : The next p oint whi ch wi ll be brough t 

uo are f actors whi ch s eem to p redis_? os e to the occurance of a 

e r am ne g2..ti ve septicemia. McHenry ( 48) noted t he following 

;> at l:ologic entities in as soci ation wi t h se .-i ticemia 

a ) Neo )lasi a ass oci ated with 23% of t he sep ticemias 

b ) Ca r di ovascula r disease ,·;i t h 17% of s e;J ticemi as 
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c) Diabetes in 13% of seJticemas 

d) Pyelone )hri tis i n 20% of t he se[)ticenias 

e) Cirrhosi s 

f) Pri o r antibiotics in 18:; of septicemias 

g) Prior steroids in 17~ of septicemias 

Leukemia , included under ne op lasia above , is commonly associated 

with sep ticemia. McHenry ( 48) li s ts t hree possible reasons for 

t he increased incidence of sep ticemi a with hematological disorders. 

This is of ten due to Pseudomonas s pecies 

1) Def ect in gamma globulin p r oduction 

2 ) Inadequate numbers of normal leukocy tes 

3) Iatr ogenic ie ste roids , antimetaboli tes , and i rradi a ti on 

MORTALITY : J.:cCabe ( 46) has shO\·m t hat t here is a ma r ked 

co r relation betwe en raortali t y and t he underlying disease _;recess. 

He classi f i ed the 173 ),,tients in his s eri es 2,ccording to under-

l yinr; ;Jat hology 

I Ra )idly fatal disease ie leukemia 

II Ultimr tely fatal dise2,se ie c arcinoma 

III Nonfatal dise ase ie cholecysti tis 

Having done t his , h e noted t hat t h e highe s t ,nortali ty r ate 

(91%) from a g ram ne gative septicemia w.::.s found in ,:>atien ts with 

r a)idly fatal underlying disease . Ultimately f atal underlying 

disease resul ted in a mortality r ate of 66% whi le t he mortality 

from sep ticemi a occuring in ,Jatien ts with non-fatal dise ase was 

11%. 
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Another factor found t o be associ a ted with mort ality was 

the p resence or absence of s hock . Shirley et al. ( 65) report 

a..'1 overall mo rtcli ty of 37% while t he mort ali ty in the nesence 

of s hock was 56%. S)i ttel et al. (77) re 0Jort an overall mortality 

of 26% in his s eries and S;)i nk (70) reports a riortali ty of 75% 

in the 'nesence of shock. From the above it c an be seen t hat t he 

presence of shock almost doubles t he mor t ality. 

The rel~ti c,nshi J of b a c t erial SDecies to t he mort ality rate 

is not clea r cut. Weil (90) related the mortality t o the c ausitive 

organi sm and found t he highest mortality in sep ticemias caused 

by Par acolon (75%) . This was followed cl sely by ~- coli 71% and 

erobacter 63%. He did not relate this t o t he underlyinG disease 

as dis cus s ed e nlier . Hall et al. . (23 ) noted in his series a 

moderate correl ation of t he numbe r of org, .. nisns in t he blood 

with t he severity of s hock . When t here were more t han :oo 

organi s ras/cc t h e mo rt ali ty was 10J%. With les s t han 100/cc the 

mo rtality fell to 41%. Another f actor whi ch probably affects 

mor t ali t y is t he ch oice of antibiotics . This \\!ill be discussed 

l ater. 

SEX AND AGE RELATED INCIDENCE : There c:,re two fairly evident 

trends conce rning t he s ex related incidence and t he a~e gr oups 

involved. Gram negative se) ticemia is more common i n males. 

S_;:,i ttel e t al. (75) i n his s eries show t h,'.t 66% of septicemias 

occur in males. Ano t he r p rominent fe ature in this entity i s t hat 

t he seqticemia occurs p redoninently after t !i.e age of 50 (46). 
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In fem ale s t he age in whi ch t he se_1:> t icemia occurs is lower 

than that s een in males . McCabe ( 46) re i orted t hat t h e gre c1tes t 

incidence in fenr.les occured beh1een the ages 20 - 50 years. 

PORTAL OF EHTRY : The '.JOr tal of entry will be r elated in 

t able II as ta1;:en from s ever al authors. I t should be noted t ha t 

some ::,uthors include the biliary tract ,vi th t he GI tr 2.ct. 

Percent 2ge numbers indicate tha t percen t of total gr am ne gative 

sep ticemi rcs whi ch t he po rtal of entry was ascertained as in t he 

indi ca ted co lumn . 

TABLE II 

\AUTHOR GU TR:,CT GI TRACT BILIJ'i.RY TR.;-CT SKIN Ul\1C,OWH J,iISC . ~ 

L4 73% 18% 90• /0 

2 3 40% 

33 58% 16% 8% 18% 

46 49% 15% 7% 22% 8% 

48 77% 20% 30• /0 

J 75 60% 25% 15% 

77 5Q07 u ,o 12::i 16% 

~ i,i!SC .- other ;1ortal of entry ie res niratory trzct 

I ATROGENIC FAC'IDRS : Iatrogenic factors are also considered 

by nost aut hors to be i mport ant in ini ti ating the se:) ticer:ria. 

Table III is com,:JOs e d from t he findings of s evere,! authors. 

Percentage figu r es indi c ate an estimation of the 9 ercent of 

se·)ti c e .. iias c aused b;i the indica ted procedure. 
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TABLE III 

-· 
, \UTHOR URETt iI'-AL CYSTOSCJPY ABDOi,.r;;AL IV CUTDJ Wi\ SKIN 

CA TI lliTER SURGERY MANIPULATION 

14 69% 

.... .... 88% .:,.:, 

48 91% 

75 32% 28% 66%* 

90 43% 22% 2 2% 13% 

* The Abdomi nal surgery in S_1ittel ' s series (75) is broken down 

to biliary tract surgery 28%, appendector.1y 8% , and gas tric· 

resection 5%. 

CLfa ICAL .PICTURE: By history one can usually find t he porta l 

of entry and factors , \'1hich may be iatrogenic , t h at were ins trur.1ent2al 

in causing the sep-tice_1i .a . TI1e fi r st s igrl of t he b acteremia is 

usually a chill :.: nd sp iking fever ( 33) . This usually a;:,pears 

within 24 h ours of t h e causitive mechanisi:1 ( 47). S._Jittel (75) 

retJOrts t his ;;1ocle of onset in 67% of c ases . The onset of gram 

ne~ative s e _J ticer.iia n ay occur in h-10 other ways with a fair de gree 

of fre o,uency . ( 1) Onset beginninG Nith a tem) er2ture s ~ike with-

out associated chills . This is t he second raost frequent mode of 

onset, occuring in 28% of cases (75) . (2) Ons et beginning with 

shock and fever, occuring in 4% of cases (33) . 

Associated with t h e fever one will see a tachycardia. 

cbc will usually reve a l 2. leukocytosis. Weil (90 ) re ?orts an 

incidence of leukocytosis in 86% of his c ases with the average 

v alue being 18 ,000 . A leukop enia 1-:1.ay occur and is associated 
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with an increased nortali ty rate. ( 48 )( 75) The organisns most 

c om11only 2.ssoci a ted ,·Ji t h a leuko;J enia are Pseudor.ianas (1;8). 

Shock, if it is going to ap:Jear , usu::-.lly becomes r,12.ni fest 

within 12 hours after the tem_')e r a ture S;)ike ( 90 )( 69) (11)., 

Tliis is only an average with the shocl: appearing almost any time. 

The criteri a necessary to define s r 2m negative shock are two 

in number . 

1) A positive blood culture during the hypotensive p eriod (14) . 

2) Blood pressure less than 90/60 or a 70 mm Hg drop in the 

systolic pressure of a ) reviously hypertensive p erson ( 47) . 

The re are two typical appearances of the skin which m.:.y be 

as soci a ted with the shock and a re of some nognostic im•.Jortance . 

1) The s!;:in M.ay be t!arn, dry , ar:d sive a flushed appearanc e . 

Tl1is is asso ciated wi tr, a full bounding )ulse and is considered 

to c ::rry a good prognosis ,'1i th it ( 44). Hall (23) found this 

to be ·nesent in 58% of his cases. 

2) TI1e skin may be cold, cl;;mmy and ?ale. 'f'nis is as s ociated 

with a thready .mlse and C8 rrics a more grave prognosis ( 44) . 

Hall ( 23) noted this in 42% of cases. The warm dry skin may 

p rogress to t h e cold clanu:1y type in a manner of minutes . 

T11ere is a diarrhea frequently found in m.::n which usually 

appears shortly after t he onset of clinic2l se)ticemia. Martin (44) 

lists several ?OSsible causes of t his , two of which are iatrogenic . 

l) Prodroma.. m;:y be related to the endotoxin 

2) Chemic~l irritation by oral ant ibiotics . 
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3 ) Antibiotic induced st a~hlococ cal en teriti s 

4) Underlying dise ase 

5 ) Ur er~c en t e r i tis 

Ot her findings which have been no ted i n a signif i cen t nunber of 

c ases are T and ST change s , i mp aired me n t a l status , vomi tine , 

oli gu ria , jaundice , Ch eyne Stol:es respiration , con a and cyanosi s 

(2) ( 1 4 ) ( 9 0 ) . Martin ( 44) gives t he following list of what h e 

cons i de rs ominous s igns whe n f ound with g r am negative s hock . 

1) Cy anosis acr a l parts 7) IIyp o t he r mi a 

2) Cutis marmoral is 8 ) Refr actory to v~sop ressors 

3) Jaundice 9 ) Di12.ted pupils 

4 ) Coma 10) Hyporeflexia 

5) Cheyne Stokes res p . 11) Azoter::ii a 

6) Gallo} r hy t hm 12) Anuria 

Finally a f e\t points about the labora tory wi ll be 111enti oned. 

Weil ( 90 ) reports an elev;:~ted BUN in 81% of his patients with 

t: r an negat i ve shock . Hartin ( 44 ) lists five ) OS s ible cau s e s for 

t lle azotemi a . 

1) Is cllenia. of t he ki dneys 4 ) GI 1=er:1o r r hages 

2) Pye lonephritis 5) Nephrotoxi c an tibiotics 

3) Pr ol onged vomi ting 

McCabe ( 4 7) rep orts an incidence of transient oli gu ri a i n 50% of 

his pc.tients. He f ound t hi s to be unrela ted t o s hock and f or t hi s 

r eason felt t h2.t t he endot oxin h 2. s a direct effect on t he kidneys . 

A metaboli c acidosis is aL-;ios t uni f or ml y pre s ent wi t h t his syndrome 
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and nay in p art be res:)onsible for t he Cheyne Stokes respiration 

noted above (14)(48(90) . 

BIOCHE.MICi.L CHilRACTERISTICS 01~ ENV:::/IDXIN : The endotoxin 

of gram negative b acteria is a phosphorus containi ng lipid­

p r otein-carbohydrate co@plex f ound in the somatic portion of the 

b :- cterial ·cell (69). Tnere i s a considerable amount of c ontroversy 

concerning v1hich porti on of t he endotmcin molecule is res:>onsible 

for its t oxi city. According to Lewis ( 37) and Gilbert (18) the 

li)id moiety is res;,onsible f or t he to::-.i city. Ribi (6) . in sorae 

of his ex., erimental \\To rk has cor.1e up wi t h sor;.e fi ndings which 

tend t o refute tl:>.is t heory. Ile felt t hat if the activity we re 

t o be attributed to t he li? id, one must )Ostulate a special lipid 

p resent in Plinute quantities, c-uickly inactivated by acids. Ezzo 

(1 4) has attributed t he toxicity to t he ) rotein fraction in 

combination wi tt phmnhorus. In general it is felt t hat the 

toxicity resides either with t he ;i rotein or lip id and t he antigenicity 

resides with t he polysaccharide fr action. Gilbert (18) and Ribi 

( 60) concluded their articles with t he following possibilities 

concerning the fraction of t he endotoxin res rnnsible for t he 

t oxi city. 

1) i.lay be a s peci al li;)id 

2) Toxicity 9 robr bly resides in p rotein or li",id fr action 

3 1 Toxicity nay be due to a m.acron olecule broke n down by 

acid hydrolysis 

4 ) Toxicity mc:y reside in a s mal l conpound only active when 

attached to an app rop riate macromolecule c arrier. 
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ACTION OF ENDO'IDXIN : The following di s cussi on is to concern 

sor.ie of t he v,: rious a ctions of endotoxin as derived from ex1eri ­

ment a l wo r k on anim2-ls . A dog , when gi ven a p r edete nnined l ethal 

dose of endotoxin goes t h r ough cert ain char acteristic, rep(fi':oducible 

phases until its de ath . Within minutes after t h e injection of t he 

cndot oxin the dog e,q_:)eriences a forceful bowel mover..ent • . This is 

followed within three minutes with hyperpnea, agi t 2.ti on , p ruritis, 

vomiting , and diarrhea whi ch continue into a )hc'.Se of shi verine . 

It is , t t his t ime t hat t he dog is no ted to devclo) low blood 

p ressur e . Tl1e dog develo-·)s at axia wl1ich i s p resent until it 

becomes comatose. Within 1- 2 hours after the original injection 

the dog ' s vomi tus becor.1es bloody and he is no ted t o h2 ve m 

elevated tem::, e rature. This is followed i n t hree to five hours 

by a comatose state, whi ch remains until de at h s ome eighteen 

hours l ater (18 ) ( 89 )(90) . 

'rt1e remainder of t his discussion will be ,rimar ily about 

t he shock and possible mechunismt fo r its ) reducti on . In con­

sidering t he .:12.t hogcnesis of shock one mus t eva luate t he following 

possible mechanisms : 

1) Decreased blood volume 

2) Irnai.red c a rdiac action 

3) Loss of peri:)heral resistance 

4) Decreased venous return t o t he he art 

The majority of this work has be en done in t he dog and t hat is 

wha t t he f ol l owing f acts will ) ertain t o unles s specified otherwise. 

10 



I . Decreased blood volume : A decrease in circulating blood 

volume c 2n come about in two different ways 

1) E:x-ternal loss of blood due to hemorrh.age 

2) Loss of p lasma from the vascular com, artment 

There is heraater:iesis and bloody bowel movement s in the dog but 

this occurs after the dro_, in blood pressure and is not of 

sufficient magnitude to account for the shock . This is even 

raore d.ecidedly evident concerning uan ,·:here there is rarely GI 

bleeding ( 39) . 

It is more difficult to evaluate the role of decreased plasma 

volume in the patl1oiencsis of endotoxin shock. Gilbert (18) noted 

the blood bolume to be within nor,~1a1 lL1i ts. He feels , however , 

th2st there is reason to suspect an eler:i.ent of de c reased olasma 

volume in view of the vomiting , diar rhea and the poss ibility of 

increased capillary permeability . He further stated t hat the 

hematocrit is not a reliable index of this and feels that t his 

:Jhase should be studied further . MacClean (39) reports that t here 

is a decreased J lasma volurae in dOGS but C}Ue .., tions the presence of 

this in man . In general it is felt that if there is a dec reased 

lasma volmr1e it is not of 1)rimary iraportance in the pathogenesis 

of endotoxin shoe!: in the early phases , but nay play a more 

im'.)ortant p art in the late star;es of shock . (37) 

II . Impaired cardiac action : Weil (87) , Gilbert (18), and 

Maxwell ( 43) , as have many other workers , noted a profound decrease 
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in the c a rdiac output short_ly after the injection of endotoxin. 

This could be due to inpdred cardiac action or decreased venous 

return to t he l1e art . \'Jeil ( G7) noted that with the fal l in blood 

pressure and decreased c ardiac output the :_:> ressure in the inferior 

Vena Cava remained normal . fact which he considered to be 

against prir.1ary f ai.lure of the he 2.rt . Maclean ( 40 ) noted th.: t 

if the venous return to the heart was maintained the i ramedi ate 

p rofound fall in the blood pressure was p revented . A factor also 

in favor of venous pooling as the mechani sm of shock . MaX\-.rell ( 43) 

studi~d o:i.-ygen consur.n tion and work of the ·heart and found a less 

marked decrease in. the o::-.-ygen consump tion of the he r. rt as compc:.red 

of the ventricular work and ca,-ne to the following conclusions : 

1) The decreased cardiac out~ut is primarily due to decreased 

venous return 

2) There is some impairment of cardiac efficiency . 

III . Loss of :;:,eripheral resistance : There is considerable 

conflict in the literature concerning the role of t he total 

j_1eripheral resistance in the pat hogenesis of endotoxin shock. This 

is true in t h e dog where the bulk of e x:_)eriment a l work has been 

done and even more true in man wl1ere very little is known 

concerning the status of the periphe r al resis tance in endotoxin 

shock. 

l'.l.aclean (39) noted in his work with dogs t hat the c alculated 

total ~eripheral resistance was normal e a rly . When the seconda ry 

fall in blood ;i res sure occured (dis cus . .,ed l a ter) t here WZcS a 
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decrease in t ot a l periJheral resist ance . He noted i n monkeys , 

whi ch he felt were CG'Ul;J a rible to ::1an , t h a t t he r e was a s i gnif icen t 

decre ase in peri',her a l re s istance. This llas also been noted by 

Gilbert (20 ) . This worke r felt t hat in t he monkey t he periph eral 

p oo l i ng may be secondary to t he decr e as ed tot .:.1 p eripheral resist­

ance. Ot her Nor kers, on t he other hand , fe e l t h at t he t otal 

peri pheral resis t ance may be i nc r e ase d but not adequ ately t o 

naint ain t l1e blool ::-, ressure i n t he f ace of decre ased c a r di a c 

ou t put (56 )(13) . Weil ( 87 ) f eels t h at t here is no chan ge in the 

c alcul ated peripher .:- 1 resi s t .1.nce. 

.IV. Venous pooling : The di s cus s i on of venous pooling will 

be l ooked a t fr om t he aspect of organ s ystems and ag d n t he dog 

wi ll be t he experimen t al animal r e f erred to unless desi gnated 

otherwi s e . 

1) Liver: The mos t i:ia r ked hemodynami c ch znges occurine i n 

t ile dog concern t he blood p ressure and p ortal vein p ress ure. With­

in one .ninute after t he i n jection of a leth al dos e of endotoxin 

one \'Jil l observe a p recipitous f 2.11 in t h e systemic blood p ressure 

and a sir:ml t aneous i ncrease in t he J o r t al vein p r ess u re . These 

two me r.. s u r enents begin to r e t u r n to nonnal wi thin five mi nutes , 

t his t r end conti nuing over a t wen t y to t hirty mi nu te p eriod (40 ). 

f ter t his oeriod of recovery t h e blood p res s u re again g r adually 

f alls unti l de a t h of t he animal. The deg ree of e a rly recovery 

of t h e blood Pres s ure is v ~ri able but u s u a l ly doe s not return 

t o nonnal (18 ) . 
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Macle an (41) drew a graph relating several variables in 

time. This g ra'Jh is reconstructed below. 
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The 1i ver is felt t o p lay an im~)ort ant role in the p roduction 

of endotoxin s hock through one or both of the following mechanisms. 

1) Tra) ping of large 0uantities of bloo <l in the liver (40)(89). 

2) Th e release of a v r.cs ode;7 ressor by t he liver ( 40) ( 41) ( 89) . 

,:;:, clean (41) noted fror1 l ooking at the above gra:)h that there was 

a ma rl;;ed tem:;)Oral relationship in the i nitial blood p ress ure drop , 

increase in p ort al vein p res sure, and increas e in liver weight . 

Ee felt the increased liver weight together with the increased 

J ort3.l vein p res sure rep res• ented trapp ed blood, which resu lted 

in a de creased venous return to the hea rt and a fall in blood 
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pressure . During this period, Gilbert (18) and Weil (87 ) did not 

find any decrease in peripheral resistance, mi ti gating somewhat 

against the p resence of a vasodepressor in t h e blood. 

Kuida (34) feels triat this tr apping of blood is secondary 

to intense hepatic vein constriction for whi ch the dog is unique . 

1.;i croscopic ex.:mination of t he liver reve als t he presen ce of 

smooth mus cle cler.ients wi t l1in the wall of ti.1e hepatic veins of 

dogs (39) . Many wo rke :rs feel t hat t his hepatic vein constriction 

is secondary to t he endot oxi n or a mediator " liberated" by t he 

endotoxin ( 3 4 )(39) . Zweif ach (91) , on t he other hand , feels that 

any stress situation in t he do g will lead to he.Jatic vein con .. 

striction , hence this series of events are not dependent on t he 

action of endotoxin . 

TI1e elir:i.in, tion of t h e l i ver from the circulati on prevented 

the e a rly drop in blood p ressure but caused a mo re ra;,id deuise of 

the e::-:-,:Je riment al • ..._ nimal ( 40 ) ( 89). These t wo \\~:>rke r s fee l that 

t his 1Jo:rc rapid fatal course is significent and resulted because 

t he ~resence of t he liver is i ~.1)o rta.nt in the rer.1oval of t he 

endotoxin from t he circulat ion . 

There is considerable s ,J ecies difference when one considers 

t he action of t he 1i ve r and t he p r oduction of shock . Kuida ( 34) 

reports an e c:i rly marked fall in blood :_n e s s ure in t he ca t and t he 

rabbit. In t he cat t here i s only a slight tr (A,nsi ent rise in the 

portal p ressure, while the r abbit appears to be similar to t he 

dog . The monkey and man do not show t hi s e a r ly p recipitous 
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drop in blood p ress ure s ugr;esting that tr a)')ing of blood in t he 

liver does not occur to any great extent in these animals (18). 

Uacle .:..n (39) Docs report , however , the presence of he_Jatic vein 

sphincte rs in man . 

iieil (85) re ,)orts on the com:)a rative autopsy findi Dgs in do g 

and man . In t he 1i ver of t he dog he noted hepatic congestion z.nd 

in t he human congestive hepatos plenomegal l y. This £incline in man 

is not supported by Gilbert (18) , \'Jho felt there was no significent 

hepatic congestion at autopsy . 

2) Inte s tines: Maclean (41) shows by his gra)h (page 14) 

that t he liver weight returns to normal but t he weight of t h e 

intestinal loop increased p rogres sively, indeJendent of changes 

in t h e 1i ver weight . He took this fact, along wi t h t he consistent 

finding of hemorrhagic necrosis of t h e intestinal wall , to 

indicc:.te t :1a t t i:1e intest ine is t he p rir.1ary site of endot oxin action. 

t,:ac lean (39) also noted t hat this incre ase in wei gh t occu r e d afte r 

11epatectoray indi c 2.. ting a nechanism. other t h an t he sir.1ple b r. cking 

up of blo od secondary to increased J ortal ·-, res ::;ure . 

3everal hypot heses h2.ve been adv anced t o ex)lain t he observati on s 

noted above 

1) Increased in the res istance of the intestinal vascul ~r bed ( 39) . 

2) Selective decrease in blood flow to t he nucosae (58 )(59). 

3 ) Prese n ce of venous S?hincters in t he mesenteric bed resulting 

in trap . ed blood , much c.s discus sed earlier under t h e liver . 

( .. 
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Ynis t,;orker feels that this fact e:::plains the failure 

of vasopressors to off set endotoxin shock and the good 

response to adrenolytic agents (30) . 

Autopsy f indings in the dog consist of edema , l1emorrhage and 

ulcer2.tion of the GI tract . Intraluminal and subendothcliz.1 

hyaline fibrinoid material are found in the s mall blood vessels of 

tl1e mucosae and submucos ae (85) . Hartin (44) re ,orts similar 

findings in the intestinal tract of human autopsy cases. Gilbert 

(18) , hot·rever , states that s evere intestinal he;:;iorrhages are not 

present in hum,·n 2.u topsy cases. Gilbert (18) and Maclean (39) feel 

that t l1ere is little evidence for signifi cent pooJdng of blood in 

the GI trrct of man. 

3) Lung: Changes in the lungs of dogs are not as dramatic 

a :- t:1e ch2.nges occuring in the 1i ver and GI tract. Several 

workers :1ave noted an incre,,se in the weight of the lung which 

occurs after t:-1e acute fall in the blood pressure. It is felt 

that this increase in weight is due to pooling of blood secondary 

to an increas e in ')Ulmonary venous pressure (19)(35) ( 39) . Kuid2. 

(35) reports that the increase in pulmonary pressure is of the 

magnitude of 90- 300%. 

In the doG there is no evidence of ;:mlmonary ederaa associated 

with this '.) Ooling . Kuida (35) notes th2.t the hypotension appears 

first and fror.1. t hi s re;:-.sons t h at there is decre2.sed venous 

return thus partially offsetting the increase in ;,ulmonary pressure. 

In t:,.c cat this ;?athologic sequence nay resul t in death due to 
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pulmon2.ry eden a Ni thin five 1;unutes after the injection of endo­

toxin (18) . K.uida (35) n otes t I:at the pulnonary pres-:ure in the 

cat incrc2,ses before the fall in blood pressure. In the monkey 

the 11ulnonary artery pressure increoses to a ,eak ( 258% of aver.ige) 

,·1i thin a few minutes and returns to .2nd remains noriaal ui th.in 

15 minutes (34)(20) . 

Auto·)sy findings are r.iost narked in the cat where one notes 

congestion and arens of hemorrhage t18). In man and dog one 

onlv finds hyaline f ibrinoid material in the so.all branches of 

the pub1on2.ry arteries (85) . 

4) Kidney : The effect of endotoxin, or a mediator, on the 

lddney is fairly ,,ell agreed to by the workers in this field . There 

is an increase in blood flow through the kidney of a dog after 

the sublethal injection of endoto:tln (31)(69) . The injection 

of , lethal dose of endotoxin results in a marked decrec:se in 

kidney weight beginine within 30 seconds after the injection 2nd 

prnr;rcssing to a loss of 25%of t he original weight by 20 ninu tes. 

( 26)(18) . IIinsha,1 (26) noted t hat a second injection of endotoxin 

at this time ,) roduced further weight loss . Spink (69) feels 

that this marked weigh~ loss is clue to S .J asm of t he afferent 

arterioles . The kidney's weight then returns to and exceeds 

normal which indi cc,tes a final increase in kidney blood flow 

( 36) ( 18 J( 39) . 

The c,uestion of whether or not the endotoxiu has a direct 

action on tl1e kidney pc:.renchy;na is not comp letely sol vcd. Fror.1 
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stuclies on PAll excretion, Hinshaw (27) felt that endotoxin or a 

nediator has a direct action on the kidney oarenchyr.i a . Lerner 

(36), on the other hand , reasoned that the function ictpc:.irment is 

primarily va.scular, having found no evidence for sustained endo-

toxin effect on the kidney . He also noted bil.::.teral renal 

necrosis, which he felt were secondary to intrarenal vascular 

constriction or secondary to t he systemic hypotension . Other 

workers also feel that t he re is little evidence to support tubular 

im::,airment other t han t ha t secondary to v ,.scular changes ( 18) ( 39)(69). 

There has been 1i ttle work with other ani1,1als . Au to;:,sy 

reports of ani,.1als dieing after endotoxin shock make 1i ttle 

nention of the aJ pearance of the kidney . J.iartin (44) r.nd Hall ( 23) 

reu ark on the presence of n i ni n al renal cortical and tubular 

necrosis . Weil (85) in his series of autopsies makes no ,rrention 

of this finding . 

5) Reticulo-endothelial-system : Tnis sy.:;tem h as been related 

to the developl!lent of tolerance and also, in a superficial w.::.y , 

to t i1e possible action of endotoxin in irreversible shock of 

hemorrhage . Lev;is (37) noted that if daily sublethal doses of 

endotoxin \\!ere given , resistance t o endotoxin developed in 7-10 

days. This tolerance ua::; noted to be nonspecific, hence not due 

to a sp ecific antibody (9). Rosen (61) noted that the endotoxin 

was taken up by PMN an.d is concentrr ted, according to Cary (9) 

in the buff y coz. t, liver and a small anount in the lungs and 

s leen . 
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Fine (16) and Greisman (2~ ) are of the O)inion that endotoxin 

:)lays an im:)ort 2,nt role in the irreversibility of henorrhagi c 

shock. Einheber {13) ax1d Simeone (6 6) brought u) several 

points against endoto::d.n in this role. 

Comp arison Wi t h Anaphylactic Sho ck: Weil (8 9) reports on 

several sinil2.rities and dissimilarities between endotoxin shock 

and anaphylactic shock 

1) Pathologic findings very similar 

2 ) Ilemodynami c ch,mges in the dog are similar 

3) Liver glycor;en ,md white cell crHmges are similar 

4) Increas : d hist .::nine liberation i n both 

5) Steroids y 1rtial !.y affect t he cours e of a.na:)hylactic shoct 

and .-aany say it gre .::t ly alters the course of endotoxin 

shock. 

In generz l there is a marked simila rity between these two entities 

incli catin3 a possible allergic nat u re to endotoxin shock. 

MEDIATORS OF ENDOTJXIi~ ACTION: There r..a ve been s everal 

mediators 1Jr o~osed to help ex, lai n how the endotoxin :Jroduces 

the symptoms 2nd labor atory findings sur.inarized e 2rlier. Eber t 

(11) lists several of these. 

1) Adrenal cortic~l insufficiency 

2) Direct acti on of the endotoxin of the central ne rvous 

s yste::1 or t:1e vz scular \\;all . 

3) Incre ased relc 2..se of or incre ased re z,ctivity to e )inelJ hrine . 
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4 ) Increased 1i beration of hi s tamine . 

5) Inba lance between epinephrine and i1istanine . 

Bennet (4) in his work c oncerning the pathogenesis of fever 

felt t hat he had found evidence which implic c. ted a direct action 

of endotoxin on t he centrr,l nervous system. He contributed the 

lagJ which occurs between the injection of endotoxin and the onset 

of symptoms , to that t i me necess ary for the endotoxin to traverse 

into the subarachnoid s :i ace . .M aclean (39) also relates of an 

e::_Jeriment which tends to incriminu.te endotoxin 2. ction on the CNS . 

E!:.dahl (12) feels t h at the endotoxin m2.y work through the CNS via 

stir.mlation of the release of ACTH. Weil (39) and Spink ( 69) feel 

t h at t l1e centr2-l nervous system is not i n:Jortant in the ,Hoductiob 

of endotoY~n shock. 

The ) ossibility of a direct action of endotoxin on the 

v2-scul2.r v;all ha s been p roposed . The m.2in evidence against this 

is the ri resence of the lag period between the injection of endo­

toxin 2nd its effects . 

EPI NE1'HRINE: There is a co n s iderable amount of evidence 

which irC.criminatcs e _1ine) hrine as a major contributor to endo-

toxin shock . Gilbert ( 18) noted that the GI le s ions of e ,.dotoxin 

s hock a re very simil .:c r to t hat f ol l o,tlng the injection of e ~JineJ)hrine . 

An inc:rer .sed level of c::.techolruaines has been noted i n the blood of 

s hocked aninals (25) . This worker felt that e _) incpl:;.rine may 

be liberated fr or:i t he adrenal medull<'- i · increased omounts during 

endotoxin s horur. 
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zweif ach (92) com::, ared the action of e ·Jine)hrine in control 

anL.12.ls \'.i t:1. t l1, t i n anirn,, ls given varying amounts of endotoxin. 

Ee found that e1Jinephrine, when eiven after a lethal dose of 

endotoxin, Jroduced a r 2.pid decline in vasomotor activity resulting 

in the oooling of blood in veins and hypotension. Thomas (78) 

found that the intradermal injection of epinephrine after IV 

endotoxin produced heuorrhagic necrosis at the site of intr:: ­

dermal injection. This worker noted that sym,Ja t hetic blocking 

agents v,hen given p rior to the endotoxin , prevented this necrosis . 

Aninals made toler a.:1 t to endotoxin \'Jere also protected. These 

frets led this t1orker to tile opinion that e,ine)h rine w2.s im­

portant i n the '_) roduction of endotoxin shock . 

T:10:nas (79) brings Ui_) one o '.nt ,·:hich see::is to contradict 

t!1e imJortance of vasoconstriction in the ) roduction of endotoxin 

shock . He noted that t he centr2l area about the injection s ite 

for e~inephrine was often least dar1aged . It is at thi s poi nt 

,\·here one ,·-mulct ex:Ject the greatest clar.iage because here is the 

gre ,tte t concentrations of ep ineDhrine . 

SEROTJNIN : Serotonin has also been implic,,ted in endotoxin 

shock . Vick ( 82 ) sug 0 estecl th2..t endotoxin interacted with s erun, 

1la ,c;r:1a, 2.nd p . 2. telets to rcle , se hist , mine or serotonin . Thon:: s 

( 80) found t 11, t e ) inei;>h rine ;Jlus serotonin noduced an action 

similar to epinephrine and endotoxin on circulation of the 

r a t nesoa::nendix. Another fact which this worker took to ir,1) licate 

seroton i n was the protective action of .1rior tr~atment with t Le 

antiserotonin drug 48/ So . 
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IlIST,v,iH~ : The agent which has be en given t he great es t 

a ttenti ::>l) al ong with e cJinephrine, is 11.ist aui ne . One of the 

obs ervat i ons which h as contributed to t his i s t he s i mi l arity 

of endotoxin s ho ck to a.naphylactic shocl: as discuss ed e 2 rlier 

( 39 ) . Seve r al worke rs com..,en t on t he f , ct t h,!t t i1e concentrr ti on 

of hist auine i s incre , s ed in t he liver and Inferior Vena Cava 

(18)( 29)(39)(69) . All of thes e workers excep t Hinshaw (29) feel 

t h at t he hi s t amine i s elevcited for only a few minutes following 

t he injection of endotoxin . Hinsh aw fe e l s t ha t :that t his elevation 

continues to rise ste adily for 1 80 minute s . 

The above facts led to t h e comparison of t he action of 

h i stamine and endoto;:.i. n in t he e }.1)erinent2l <lniiaal . Hinshaw 

( 28) noted t h at hist 2.1.1ine caused e ,;rly elevzti on of port r l vein 

?rc s~ure, ra Ji d f al l i n blood p ressure, and eventlllal increase 

in t he hind limb v2.scular re s ist ance . Spi nk ( 69 ) no ted that 

hi s t aP..ine i n t he r,10nkey p roduced clecr e 2.sed peripher al r esi s tance 

anci. ~n i rnai red res~ons e to vas oi_) re s ,;or s . 

The p os s ibi l ity of incre ased hist ami ne as a mechani sm in 

endotoxin s h ock led to inve s t igations to f ind why hi s t arn.ine \v2s 

elevc.ted. Macle .='.n (39 ) and Schayer (64) found t ho.t h i s tidine 

deca rboxylase activity of s erU1a was roughly p roport i onal to t he 

d.os e of endotoY.i.n . Schayer also found t h2.t s everal othe r fact ors 

could incre ,, se his t i dine dec ::. r boxylase activity s uch as e xp os u r e 

to c ol d , serotonin, and i n trar.ms cula r e1) i nephr ine . Vick ( 8 2) 

sugge s ted t hat hi s t ariine mw be de r ived fr oi,1 pl!;ltelets and 
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Hinshaw (19) suggests her,1olys.i s z..s the source of h i s t amine . 

Wei l (89) has also noted t he eleV2ti on of serm1 hist ami n e but 

feels th~t t his ;)l ays little pi rt in t he ~J•· t ho6enesis of endotoxin 

shock . 

In view of t his incrimination of hi s t :u::1i ne it i s i ntere s t i n g 

to note t hat t h e organs ri1os t involved in cnciotoxin shoc k do not 

s ha re in common either a high content of his t amine or c:ny unusual 

suscep tibility to t hi s agent ( 91) . 

There h a s been a sugges ti on t h2 t t h e effect of endo t oxin 

comes about t hrough t he imbc: lance bet\'Jeen t he con cen t r, t ions of 

hi s t amine z.nd epine phrine . Schayer ( 64) p roposed t he fa llowing 

r.1ech2.nism: Wi t h t ile injection of endotoy,.in e:)ineµhrine is rele.:-,sed 

c ausing v c1soconstriction . Tl1is is r a)idly opJoseci by lu.sta..,ine 

be ing synthesi zed at an increasing rate . As eJ;)ine ,Jhrine s tores 

become depleted , t he action of h i s t ai.une becones nore a rked . 

The re is t hen v as cula r da.."TI.age \'Ii t h henorrhage and necrosis and 

eventially irreversible vas cula r collaqse. This t h eory is a lso 

ment ioned by Spink (69) and r.:aclean (39 ) . 

TIIBRAPY; ANTIBIOTICS : Vari ous authors have favorite anti­

biotics or corabinations there of which the y routinely use in t he 

initial treatment of endotoxeuia before l ab s t udie s h, ve returned . 

One of t he most frequently useC.:. combinati ons is streptomy cin and 

z. tet racycline ( 44 )( 43) ( 49 )(70 ) . Ano ther frequently used com­

binc:.tion is )enicillin and chloramphenicol ( 2) (69) . Tetracycline 
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in combi nation wi t h chlora.~pheni col has also be en use d fre quent l y 

( 32) ( ~4) ( 45 ) ( 47) ( 68) ( 69 ). 

A factor \•Jhi ch i s of ir.1:::,ort an ce in t :1e 2.nt ibiotic chosen 

to tre z-_t endo t oxin shock is t he Dresencc of b 2cterial resis t-

ance . There i s conflict in t he li ter :- tu r e concernia5 tl-;.e rel .:: tion 

of in vitr o r e sistance and clinic , 1 results . Fo r e x~ p le, Spi t te l 

(76) noted a good c linic al re s'J ons e to oxyte t r acycli ne , nd dihydro~ 

st r e _1 t on~r cin despi t e res i s t ance di s,Jl ayecl in vi tro . He sug, ested 

t h~: t t he ant ibioti cs , nd a serum com·)onent we re additive . McHenry 

( 49 ) also noted a di scre \ni.ncy be t wee n in vitro and L-1 vivo rc .su l t s . 

The bulk of t he wr i t ers , howe ve r, f avor · a c linic 2.. l correlation 

with in vitro studies ( 23) ( 33)( 45) ( 47 )( 90) . 

In di s cussing t he role of re s i s t ance L 1 t he selection of 

antibioti cs t\v-o cl1:,rt s \.ril l be p res ented . The f i r s t cL2.rt is t c'.k en 

fro~ S2;11ford (63) . 

TABLE IV 
. 

' 

BACTERIA STREFI'Ol .YCff CI.LORAH- C, LOR- OXYTE'.ffiA * 
PHENICOL TETMCYCLIKE CYCLIN"E 

' ' 
\.2ROBr"'.CTER x 0 * * 

PROTEUS * 0 * * 
E. CULI R 0 0 0 

IP.:,.EUDQJ.'.QNAS * R 0 0 

I'OTJ-~L * 0 * * L 

*--s i gnifi cent inc r e:-ls e in t he nunber of res istant s trains 

0 - -no s i gn i ficent i ncre z..se in resistant s trains 

R--Prc rmtibiotic s t rains we r e res ist ant 
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The sec ~n.cl chart is a conposi t d .. ,cc f r on s everal 2..u thors 

Tti.BLE V 

DRUG ,\UT~:\)R E COLI PROTEUS AEROB,\CTER P::iEUDOlliONAS 

Colisti n 1 5 s R s s 

32 s s s 

0),.-yte tr acy cline 33 l~ghest incidence of an t ibacteri~l 
activity of t he tet racyclines 

'. 84 s 33% S 50% S 

Tetr acy c line 33 s s s R 

75 98% S 66% S 88% S 

44 33% R 90% R 75~ R 

8~, R 

C~lort e t ~acy c l ine 33 s s s R 
. 

Strep t omycin 33 79% of s t rains are re .c:- ist :>.n t 

63 84% of s t r ains a re r esis t ant 

75 91% S 6 3% f{ 89% R 

32 33% R 33% R 66% R 

84 33% S 

Chlor 2111phenicol 63 s S* S* 

84 s 91% S 77% S R 
I 

PolyI:1yxin 7 5 80% S 

84 S* 

K.an ariycin 32 s s s 

r,eor,1y cin 32 s 33% S 5u% s 

S--Il::.jo ri t y of s t ra.:.ns s ensi t i ve or i ncli c c::.tec. )e r cen t 
R--t.12.jori t y of st r 2.ins s csis t :1nt o r indi c2.ted ) e r cen t 
5;, __ Evide n ce fo r t :1e c1cvc lo·)12ent of r esi s t ance 
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VASOPRESSORS : Greisnc::..n (22) lists s everal f.:.ctors whi ch 

one 1mst consider u .. en using vasop res sors in t he tre atr.1ent of 

shock. T\vo pri...2-ry locations in t he vc...scular bed a re fr1p ort ant 

in t he pat hogenesis of shock from any c ause . 

10 Ca:)illary i nlet: T'nis i s primarily the prec-1pillary 

sphincter which is controlled by hu;:;1e r al factor s and 

loc2.l ;:ietaboli tes . When t his mechanis:11 fails t he c , pillz.ries 

a re flooded resu~ting in shock . This pooling c ontributes 

to t h e irreve rsibile shock but appar ently is not t he 

whole s tory . It i s t his p recc::.pillc:.ry sphincter 2.nd t he 

met~~rte riol whi ch are most sus ce .Jtible to t h e a ction 

of v2.sop res sors . 

2) Caliber of arteriols : Thi s factor is influenced by both 

humeral and neurogenic factors . 

Tnis aut hor also li s ts sever<·. 1 mechanisms for t he c r..pillary 

v as cul.:: r refractorines s in sep ticemias . 

1) Hypoxia le ads to several vascula r ctanges whi ch r.re.y affect 

blood p res su re. First t here i s an incre2sed permeabi l ity 

of the endothelium resulting in t h e loss of pla sma . This 

decreased blood volume results i n sludging which l e..:.ds to 

further hy,i>oxia . As raentioned before t :.e he,natocri t is 

noted t o raise in endotoxin shocl~ suggesting t he JOS ­

sibili ty t hat t his 1:1ecl12.nis:i1 raay be a L :cbr . Hyp oxi a 

also 2.ff ects t he action of t l1e :necapillr.ry s;,hincter 

resulting in c 2..)illc:.ry .JOO ling and may be a factor in 

irreversible shock . 
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2) Toxic humeral factors such z.::: VDM (ferri tin). This au t hor 

feels that t his is of little s ignificence. 

3) Arteri olar constriction resu l ts i n increased hypoxi.:. a t 

::..t tiss ue levels which enhances refractoriness of the 

precapill c..ry s jhincter ~ If vasop ressors have anc action 

at this level one c 2n see t hat t here use may be detrimental. 

In fact, Brunson (8 ) noted s c attered areas of hepatic 

necrosis in gr:::.m ne g; tive bacteremia . lie also feels thzt 

the degree of thi s is increased with t he use of v .:,so-

co:is t ri c tors. 

GreisMan (22) com.::1.ents on the fa llowing c oncerning t he use 

of vaso;, ress ors. If t he p res sor 2.gent incre ase s the t one of a 

vascula r bed eel reedy under t he influen ce of inc re .. s ed tone, one 

migi;_t ex) ect such zgents to help early in the .:-. cute ph.:,se (increased 

blood flow to t he head c::nd t he coronary a rteries) but to be harmful 

over a long period. He also stated t hat t he us e of v asop ressors 

in endotoxin shock mz. y only mask t he ec:rly mani f es t a tions by 

acting on )Ortions of t he v •. s cula r syster.1 not co ncerned directly 

with t he decre.::.sed blood p ressure. 

Corday ( 10) noted t he fo llowing rel::.. t ionship of t he effect 

of shock and of v~.sopressor drugs on t he region al circul at i on of 

v a ri ous org2ns . He no t ed t he µerfusion of t he c ::: ron ... ries decre 2sea 

in a line.:-,r f ashlon wi tl1 t he blo:)d pre ssure, 2nd was inp roved Ni th 

t h e use of vasolnessors . In t he liver t h e hep a.tic resist ance 

increased and blood flow decreased with z. f all i n blood pressure. 
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Hi t h t h e u s e of vc.sop ressors t he hepv tic c rtery blood f low in­

c reased to nomal but t he porta l fl ow decre c:cs ed further resulting 

in a net ciecre u.se in he:,z..tic flow . This 1)robzbly contributes to 

t he heJ.:.ti c necrosi s menti oned above. Blood fl ow t hrough t he 

carotid arterie s decreased with shock and wr.s improved wi th 

vaso~res so r t herapy. 

The effects of v aso) ressors on ren,. l blood flo w is va ri able 

and appears to be rel 2.ted to t he agent used. With sllock one 

notes 2. decre 2.s e in t he blood flow '- nd an incre ase in vascul Er 

resis t ance. (10). The effect of vac; op res sor s will be li s ted by t he 

drug used 2nd wi t h t h e drugs which i ncre2.se rcm-.1 flow listed first. 

Mephent eraraine C,1yamin e ) : This dmug , 2ccordinc to Mills (53)( 54), 

increase s t he renal plasna flow 1aos t drana tically r.s compared 

to t he other agents. This was associ ated with an incrc .:sed 

glomerular filtr ~ti on r ate GFR. 

Metaraminal (Ar arnine) also increases glomerular filtration rate 

and renal blood flow RBF to a significant degree. Renal blood 

flow does not, however, return to normal (54) (53) (10). 

Neosynephrine elevates RBF and GFR but to a less er de gree than 

the above two. 

Levophed produced slight)if any,increase in RBF but did increase 

urine output significantly (53) ( 54) . This suggests that this 

agent acts prir.iarily on t he afferent arterials. 

Vasoxyl causes a decrease in RBF and GFR (53) ( 54). 

In t he e~erimental animal t he role of vas opressors is open t-o 
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wide controversy. Lillehei (38) noted that Levophed supported the 

blood pressure but did not i mprove t he survival time and also found 

aramine to maintain t he blood pressure but halved t he mean survival 

time. n1is worker also admi nistered a sublethal dose of endotoxin 

to dogs, primed with aramine five minutes previously, and found 

this proved fatal in every case. He came to t he conclusion that 

aramine potentiated endotoxin shock. Spink (73) also noted thi s 

potentiation effect but found t hat aramine, when used to naintain 

t l1e blood pressu re of a previously shocked aniual at a systolic 

pressu r e of (90 - 100), did not halve t he survival time or prolong 

it. He also felt t hat t he renal fun ction was not aided, which is 

in contradiction to t hat noted above. 

Weil (88), on t he other hand, felt t hat aramine did increase 

t he survival time when used in conjunction with steroids , concluding 

t hat judicious use of vasopres sors does not promote irreversibility. 

He felt t hat aramine was u seful because it prevented furt her pooling 

of blood in t he splanchnic area. This increase in venous return is 

also confirmed by Spink (73). 

A vasop ressor substance which has been recently evaluat ed f or 

its r ole in shock is angiotensin. Page (57) comments on t he fol­

lowing hemodynamic effects of t hi s agent. It is 2 to 10 times as 

potent as levophed, resulting in a decreased coronary flow, slight 

decreased cardiac output, de.rreased flow in t he mesenteris artery, 

and a decrease in renal plasme flow. This worke r fe l t t hat t he 

vasoconstriction with angiotensin is not as severe as with nor-
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epinephrine . He also noted that this increased aldosterone pro­

duction which he felt was seconc.ary to increased venous pressure . 

Finnerty (17) concurs ,..,i th Page and adds t hat no skin sloughs or 

development of drug resistance was noted, indicating an advantage 

over levophed. This drug has also been used with steroids and will 

be discussed later . 

STEROIDS : The use of steroids in endotoxin shock is also a 

subject open to considerable debate. It would be definitely indicated 

if impaired adrenal function could be demonstrated. Melby (51) 

noted that t he secretion of cortisol in t he endotoxin shocked dog 

was well above base line values. The magnitude of this response 

being appro:;ti.mately equal to that caused by a large dose of ACTH. 

He also noted t hat t he r ate of cortisol removal was impaired in 

the shocked animal . He concluded that the adrenal function was not 

disordered but felt t hat this did not preclude the use of steriods. 

Spink (69) noted that patients having fatal bacterial shock 

did not have significant monphological changes in the adrenal glands . 

Melby ( 50) correlated his study in dogs mentioned above with studies 

in hurnan patients . He found high levels of cortisol in moribund 

patients, concluding that_ there was suprasecretion of adrenal steriods. 

He noted that t he half life of exogenous cortisol was greater than 

normal, indicating a decreased rate of destruction. He did not 

feel that this decreased rate 0£ destruction was fully r esponsible 

for increased blood level of cortisone . The use of steroids in 

animal experiments has received considerable attention. It appears 
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to be fairly conclusive that the prior use of steroids in dogs 

(before shocked with endotoxin) has a marked protective function 

(18) (38) (51). It has also been shown that the administration of 

steroids after the development of shock in animals will prolong life 

and decrease the severity of GI hemorrhages (67). 

The effectiveness of steroids with vasopressors has also been 

evaluated in b1e dog . Spink (73) noted that with large amounts of 

hydrocortisone, s1:ialler araounts of aranine ,,;ere necessary to main­

tain the blood pressure. This also increased the survival . This 

worker (74 ) also noted a similar response with aldosterone. Weil 

(88) also concurs that survival period is increased with vaso­

pressors and steroids. 

McCabe ( 45) noted in man that 28% of septicemia cases who 

\-.;;ere not on prior steroids developed shock and 63% of septicemia 

Gases ,-1ho had been on steroids developed shock with their gram 

negative infection. The mortality rate was also increased. He 

found a sir.ii liar correlation no matter what the underlying disease 

process w2.s, and concluded that prior steroids were definitely a 

detriment in man. " ' I' 

The literature is divided on the question of the use of steroids 

after the development of a gram negative septiceraia. Spink (70) 

is of the opinion that massive doses (500 - 1000mg hydrocortisone 

per day) are of value in the treatment of endotoxemia. Shirley (65) 

and Weil (90) are also of the opinion that steroids are helpful. 

On the other hand, Hall (23) and McCabe (85) feel that steroids 
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are harmful to t ::e patient with endotoxemia and hence should not 

be used. Spink ( 69) (72) reports that t he use of steroids in man 

does reduce the amount of vasopressors necessary . He re;)orted the 

best results with aldosterone and ~ngiotensin. The superiority of 

aldosterone over t he other steroids has als o been noted by Bein (3). 

SUPPORTIVE MEASURES : Altemeier (2) and McHenry(48) report on 

other treatnent which may be used in a supportive nature. This 

includes oxygen and elevation of t he foot of the bed. One should 

be care ful with depressant drugs and IV infusions. Hypothennia has 

received recent evaluation. Allen (1) used hypothermia in septic 

ahock and found that t . e patient i nproved markedly when t he tem-
o 

perature was maintained between 90 - 96 F. He also noted these 

othe r effects of hypothermia : 1) analgesia, 2) amnesia, 3) K+- moves 

into t he cell if t he patient is rewarmed rapidly, and 4) no evidence 

of wound healing . He also commented t hat one should watch for cold 

aggtlu~ins. Allen felt t hat t he positive effect of hypothermia was 

due to: 

1) Retardation of bacterial metabolism and growth 

2) Retardation of bacterial defense mechanism to greater degree 

than it affected t lla t of man 

Blair (5) also noted a peneficial effect of hyp othermia. He noted 

t hat hypothermia decreased metabolic requirenents, caused oxygen 

consu.~p tion to fall, tended to elevate refractory blood pressure 

(80% of cases), augmented ventilation (95% of cases), and caused 

arousal from coma. T'nis worker felt t hat hypothennia may be indicated 
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in cases refractory to conventional t herapy. 

SYMPATH0LYTIC AGEhTS : .'\.s noted earlier in t his pape r, 

epinephrine may )lay 211 important role in t he production of 

endotoxin shock. This led s eve ral workers to ev.:. lua te t he )ossible 

use of sympat holy tic agents in t he tre utment of t his entity. 

Nz.yes (55) evalu ated the effectiveness of Dibenzyline and Chlor­

p r omazine as related to t he endotoxin f ram t he various gram 

negative orgc1ni sms. These drugs were noted to be effective only 

when given p rior to t he endotox.in. This is also 2gree d to by 

other workers (18 )(38) ( 69) . Unfortunately t hese drugs have no t 

p roven to be effective when given ;fter t he endotoxin (18 ). 

Nayes (55) , hot\lever, h.1s no t ed Chlorp r or.12.zine t o afford rha rked 

p rotection agains t E coli when given t wo hours 2f ter the en do toxin. 

Weil ( 88) noted a decrease in survi va l r a te v.hen these agents 

were given after t he endotoxin. 

ANTillI.ST/v,iINICS : The _pos s ibility of hist amine ,1aying a 

role in t he ':> r oduction of endotoxin sho ck resul ted in the inves t­

igc:tion of c:.ntihi staminics. Gilbert (18 )(19) and Hinshaw (29) 

noted t hat antihistai:ainics prevented t he acute hypotensive re zction 

in dogs but did not affect t he overall mort ality . It a~Jp e 2rs tha t 

antihistz.ui nics z re not useful in t he treatment of endotmcin 

shocl~ . Gilbert ( 18) also fount th:: -1 an ti-serot..min drugs were 

not effective in comb;-, ti:ag endotoxin sl1o ck. 

EPSILQ1,_Af.,tH.O- C, PR0IC- ACID : The u .:;e of E ,silon- Amino- Cr-p r oic 

acid ( EACA) in t he trea t znent of endotoxin s nock in dogs hc.s been 
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evduated by Spink (71) . Th.is came about by the ) ossibili ty 

of endotoxin z,cti va ting t:i:1e Plasmogen-Plasmin sys tern resulting 

in hypercoagulabili ty . BACA is a potent inllibi tor of Plasr:1inogen 

acti v,,tion. Spink found that pretreatment with this agent in­

cre .:sed t he survival of dogs, in fact , showing some hypertensive 

effect. This drug also proved effective when given 2f ter endo ... 

toxin. At p resent it i s to pre,:1.a ture to consider the use of t his 

drug in nan until further evaluation is done . 

llYDP..t.LAZINE : t:ydn~lazine has been recently evalu, ted by 

Vick (85) becc:,use of its ability t o inc re :. se rena l t> l as na flow. 

:re found t ha t when t his drug v1.-.s us ed alone t here was no bene­

fici al effect but \·1llen used in conjunction with Aramine , nd 

cortisone an increase in survival rate v;: s observed . Thi s in­

cre ;,,se was from 60% survi vr 1 wi. t hout the use of t he drug to SO% 

survivc;.l with ti1e drug . The us e of t hi s drug , lso re su l ted in r n 

incre,se in urine volur.1e. 

DISCUSSION 

As has been noted previously in this paper, there is an increase 

in t he frequency of gram negative septicemias . There are several 

possible reasons for this: 

1) Gram positive oreanisms are being suppressed allowing for the 

overgrowth of gram negative bacteria (90) . 

2) There has been evidence of t h e energence of resistant gram 

negative strains (90) . 
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3) There is an incr eased number of patients with di s abling 

diseases. 

4 ) There is an increased awareness of t his entity leading t o a 

gre at e r frequency to diagnosis. 

Concerning t he first reason, McCabe ( 46) found in his series t hat 

50% of t he patients had been on prophylactic antibiotics at the 

onset of t he gram negative septicemia. The most common antibiotics 

being penicillin alone or in combination with streptomycin., This 

fact brings up t he i mportant point of t he value of prophylactic 

antibiotic t herapy. The possibility of t his contibuting to an 

increasing incidence of gram negative septicemia must be given 

very careful consideration when one conter:iplates prophylactic 

t herapy . The evidence on the emergence of resistant gram negative 

strains will be taken up late r in this report •. 

The life expectancy of be population in general has increased 

markedl y du ring t he l as t two de cades partly as t he result of 

modern medicine and t he advent of antibiotics . Associated with 

this progress ,the population must contend with new illnesses . 

Among t hese illnesses are an incre ased incidence of cardiovascular 

disease, carcinoma, and other ch ronically diasabling enti ties . This 

provides fertile grounds for t he development of infections processes 

including gram negative sep ticemias . This accounts in p a rt for the 

increased incidence as noted above . Conce rning t:,e f ourth re ason 

listed above , t his is self explanatory and will not be di scussed 

further . 
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Implicated organisms are revealed wi t h their relative frequency 

in Table I (page 2) . One is at first impressed with t he relative 

frequency of E coli as a cause of sep ticemia in Spittel's ser ies as 

compared with t he other two . There is one factor which may account 

for t his . Spittel ' s (75) series begins in t he e a rly 1940 ' s and 

covers fifteen years, while t he other two are over a much shorter 

time period. Possibly t he sep ticemi a due to E coli occured 

prctdominently in t he earlier years of Spi ttel ' s series . This may , 

in turn, p rovide presunptive evidence of t he role of "prophylactic" 

antibiotics in selecting t he organism which will ultimately cause 

t he septicemia. Further support to t his t heory may be found in 

t he various sensi ti vi ty of gram negative organisms to t he presently 

used antibiotics . Work by Sanford ( 63) and Martin ( 44) reveals 

t hat E coli has remained relatively sensitive to t he various 

antibiotics while t he other organisms show various degrees of 

increasing resistance . 

Thus accounting for t he frequenctes reported by Spittel ( 75) , 

one can see that Pseudomonas, Proteus, E coli , and Aerobacter all 

have app roximately t he same fre quency in gram negative s eptecemias, 

although E coll° is ,still probably the leading off ender . Other 

organisms i mplicated are Bacte riodes, Alcalegenes, Paracol on, 

Salmonella and Neisseria. In trying to isolate t he organism one 

s hould keep in mind t h e suggestions of McHenry ( 49) noted earlier 

in this paper . 

Toe portal of entry and iatrogenic factors which result in a 
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gram negative septicemia are related in Table II and III (page 5 

and page 6) . The GU tract is t he most frequent portal of entry as 

agreed by all authors. The reported incidence varied from 40% to 

77% with t he average probably being somewhere around 50%. The most 

frequent off ender in this group was found to be catherization and 

is probably related to t he frequency with which this procedure is 

carried out. It is especially worth noting that in several of the 

reported series this supposedly benign procedure resulted in more 

than one half of the cases of septicemia. One should realize from 

this that it is not a benign procedure and should be undertaken only 

with definite indications . 

Spittel (75) found cystoscopy to be the portal in eighteen 

patients out of 137. The organism involved being E coli , Proteus, 

Aerobacter, and Pseudomonas. Transurethral resection is also a 

frequent offender with E coli being the predominant organism. 

The GI tract is the second most frequent portal of entry with 

incidences varing from 12% to 25% (average about 20%) depending upon 

the investigator . Biliary tract surgery is t he greatest offender 

in this group . E coli and aerobacter are probably the most common 

organisms noted. Other inciting factors were surgery on t he bowel, 

gastrectomy, paracentesis, peritonitis and appendectomy . 

In septicemia arising from skin infection, pseudomonas frequent­

ly is implicated. This is especially true if the patient has been 

on systemic antibioties . 

M.ortali ty is related to underlying pathology_ presence or 
J 
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absence of shock, and c ausitive organism. Mortality c an most 

easily be re l.:'. ted to t he unde r lyinf; pr t hology1 with the r:1ort .::.1ity 

rate i ncre . s i ng 2.s t he s everity of t he underl ying dise ~se. The 

p res ence of sho ck 2.lso a):Je a rs to effect t he mortality i n t h2 t 

mortality r ate is .:.l mo s t doubled. Several authors attenp ted to 

r elc.1 te 1.1ort ,.li t y to t he c..u s i ti ve organisu . T'.nere i s littl e cor-

rela tion betwe en t heir fi ndini;s . It shou ld be noted t h.:.t t he s e 

p,•pers did no t rel .:. te mortality to underlying disease. 

The action of endotoxin has bee n e xtens ively i nves tig~ ted i n 

t he e x;.J eriment c.l animal. Unfortunately t h e experiment a l animal 

most fre C1uently u s ed i s t he dog. This le z.ds to a consi derable 

de gree of difficulty in rel ating t he findings in t hi s animal to 

what happens i n man becau s e t he endotoxin action app e c1 r s to va ry 

gre atly between t hese two s9ecies. Very little work h2.s been done 

with t he r.1onkey , an aniual \vhich 2.ppears to rese,:ible man z,s f a r 

as t he nction of enclotoxi n i s concerned. 

If one c om:_)are s t he clinic r..1 course i n man wi t h t h at s e en i n 

t he do;; cons ide rable d.iff e r ence i s noted. One contribut ing factor 
> 

t o t ~. i s C:i f f e r ence i s t he ,J r e sen ce of t h e organi sm i n mw-i \'111ere-

us only t he endotoxin i s p res e nt in t he dog . Thi s i n its elf add. s 

an i npo rtant va r i able to se p ticemi a in man. Another i mport ant 

v ariable lies i n t lle fact t ha t t he do g i s f a ced with a suctc: en 

lethal challenge, \-;h.i le in man t h i s ch al l enge deve lo;:,s over a 

~Jeriod of hours. 

The ons et of s ym.J toms i n t he dog i s p redomi nately gastro­

i ntes tinal in origin '.vhich is followed shortly by a temp er ature 
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spike and chills . In man it is usually the later which heralds 

the onset of the sep t icemia. The endotoxin has a characteristic 

action on the v as cular beds of the liver and mesentery of the 

dog , which if it occurs in man it is much les s r.12.rked. This 

dif fercnce probably accounts for t he bloody vomi tus a..,d diarrhea 

found in dogs and usually not found in 1c1an . This action on the 

v2.scul 2.ture v:ill be discus sed 12.ter . 

Four mechanisms for the p roduction of shocl: were reviewed 

earlier fron the 1i ter ature . The firs t mechanism considered 

v1 .. s shock secondary to a decrease in blood volume . Blood loss 

was evaluated .. ·nd disc2.rded as a possible mechanism by t he workers 

in this field. A decrease in plasma volune w~s also considered . 

It w~-s felt t hat this 1;iay assu,,ie ir.;.portance in the later stages 

of shoc1c but was not of pri,~ary importance in its ;,athogenesis . 

cardiac ,.ction -.:as also ev;::,lua ted and discarded as not being of 

primary inportance . 

The status of _:>e ri:_:>r!eral resist n ee 2.ssumes frl)ortance 

\·Jhen one considers the t,tse of vaso;i ress or agents in t her '"py . 

If t he sho <:;k were due to a decr e ased total _Je ri ;Jheral resistance, 

vzso_Jressors would seem to be indicated . If , on the other h2.nd, 

t he shock were due to a decre ased c ardiac output with cor1_) ens atory 

v asoconstriction, the use of vaso_Jressors may p rove lrnrmful even 

in the face of a falling blood p ressure . 

There is one point which I feel needs mentioning here . In 

ex;;,eriments ,vi th dogs the first change fallowing the injection 
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of endotoxin i s a marked increase in ) Ort c>.l p ressure \"1. th p ooling 

of b lood i n the spl .inchnic z rea. This is a ss ociated with a 

profound early drop in blood ;_Jress ure which lasts about ½ hour. 

Following this there is a secondary prolonged dro) in blood p res­

sure which i s more c amiJ arible to that seen in nan. Therefore if 

any rel,=Lt i onshi p of total peripher a l resistance changes in dogs 

to ma n is Bade) one must consider these differences. For ex,'..1-:i:) le, 

Weil (87) made his study only during the first half hour of s hock 

and hence his findings may bear little resembl ance to t irn.t found 

in man. 

The 1i terature was well divided on the subject of l;eripheral 

resistance changes. This is probably a nanifestEtion of t he dif­

ficulty in raeasuring this variable. This is complicated by the 

raultitude of methods used to evaluate peripheral resistance and 

t he l a ck of standardization of the s e methods . More work is re­

quired on i_)eri:)her ..:. l resistance in dogs during the later stages of 

shock and in other s hocked animals before any vali d statement 

can be nade concerning its r ole in the production of endotoxin 

shock. 

Th e aspect of venous ;_J ooling wa s reviewed by order of organ 

systems involved. The liver was discussed first and sever.:! 

c onclusions were drawn ; 

10 There is considerable s p ecies difference in t he acti on of 

endotoxin, nak i ng it difficu:. t to '½)p ly t he findings in 

any one S.Jecies to n an. 
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2) In the dog, the early blood pressure dro~ appears to be 

rel c~ted to tr ,,;,ping of blo Jd i n t h e 1i ver. This p robably 

being rel ated to t he h e;Jatic venous s~Jhincters. This 

e:xtensi ve ~J oolin; doc s not r.pp er .. r to play a major role 

in nrn . 

3) The liver appe.:. rs to be i r:!por t ant in the rer,1oval of endo­

toxin. This is probably also true in n~n a.S evidenced 

by the incre ased r:1ort2.li ty in )atients with 1i ver di s ease. 

4) It is hrtrd to n~ke any s t a ter.1ent concerning the role of the 

liver in t :1e p roduction of t he shock by autopsy findings. 

First, c onge s tion of t he liver is a frequent finding at 

autopsy, so its relative i mportance here is hard to access. 

Second, t he autopsy is performed some hours after the tii:1e 

which the liver is supp osedly ascerting its effect. 

There ap_1cars t o be a.:i.Jle eviden ce t hat t he GI tr~ct )lays 

a very real and i nportant role in the pat hogenesi s of endotoxin 

shoct in the dog . The mechanism for t his raust rem2.in uncleteruined 

at t he .:> resent time. There are two facts which are ,Jretty well 

agre ed to by t he worl;:ers in t his field: 1) Gain i n weight of the 

int estine and 2) he1aorrha.ge c'nd necrosis of the mucosae &.nd sub­

:"1ucos2.e. The ;:,rescnce of vein S)hinctc rs wi ll explain t he gain in 

weight, but the slovr progressi on of t his weight gain is not com­

patible w:i. th t h i s theory. rr the g.1.in were due to t his sphincter 

action, one would e;:pect c. much more rs Jid weight gain as se en in 

the Ever. 
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A more ap
0
Jeo.ling theory to me is that t he weight gain is 

due to plc:.sr.1.a loss t h rough dz,maged endothelium and t :1e hemorrhage 

noted i s second ary t o the s ane p rocess. This dar.iage could arise 

in one of two v1a.ys . 

1) Direct 2ction of t he endoto1d.n or a mediato r on t Le endo-

thelium 

2) Is chibi a second::.ry to selective vasoconstriction. Evidence 

indica tes that t his vasoconstriction i nvolves a rteries 

t o t ::e raucosae .:nd subr;mcos ae . 

A possible corollary to t his second me ch2.ni sr.1 would be tl1at t he 

use of v as opressors would enhance t he p rocess le 2..ding to 2.n 

increased mortali ty. 

Hm;r all of t his fits into the humc.n lJicture of endotoxin 

shock is difficult to e s t ~blish. Certainly by clinical criteri a , 

t he GI tr2.ct i s not as seve rely effected in r:ian as in dogs . If 

pooling does occur in t he GI tract of 1.1an i t is to r.. relatively 

less degree ti:,an that in dogs and ca.."lnot be used alone to c.ccount 

for t he shock 1Jicture. 

The role of t he lung in venous ,JOoling as s ume s greatest 

i m.>ortance in t he c at where death f ror,1 :Julrn.on2ry edema i s a 

frequent occurence. The Cheyne Stokes r es rJi r a tions found in man 

is vrobably not related to cilanges in lung v ascul a ture and may _ 
) 

in p2. rt,, be related to t he concurrent met~~boli c .::.cidos is. 

It is e vident t l1z. t ) ooling of blood is of gre2. t iraport z. nce in 

the p roduction of shock in the ex;_.1erinental animal , with t he 
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loc ation of t his pooled blood varying f ron species to St)ecies . 

Th e rel 2-tionshi p of pooled blood in t he endotoxin shock of m,rn is 

not as re2.dily apJarent. Pooling prob,· bly plays 2.n importwt p ... rt 

in hm1an endoto::-d.n si10 cl: but t l1e distribution of t h e blood is 

not 
0
n i marily i n one org~ n syste1., but r.1ore lil~ely spread out 

L1ore diff uscly . 

It h2.s been shown t lw.t t olen.:.ncc develops to endoto:tin uhich 

is non-s 1ecific in n a ture . This nay play a role in t he r.1ortality 

r a te in t he endotoxeraia of man. It has been noted by s ever a l 

workers t hat there is a l ow :·,1ortali ty in c ases in \'Ihich the portal 

of entry is t he GU tr .:ct (46) . This may be due to t he development 

of tolerance secondary to seeding of t he blood stre a...1 wi t:-:i gram 

negative o rgru1ism fron t he urinar y tract . 

An abund2.nce of c onfusing 1i terature has been ;_JUbli sl1e d 

concerning the ::.ction of endotoxin in causing t he shock-like 

)i cture . A direct action on t :1e centr2.l nervous system h~s been 

evaluc:.ted 2s t he caus e of s ep tic shock , but nost aut!1ors cons ider 

other ne chani sns to be ::iore i 1,1:_)ortant . E) ineJhrine has been 

e xtens ively evc.lu, ted and does ap ,e a r to ,Jlay 2. role in t he 

,n ·Dducti on of endotoxin shock. · The mechani sm by v,hich e ) i ne1Jhrine 

acts n u s t remain op en to c:uestion a t 9 res ent , al t hough it does 

enhance venous pooling . Hist~ine has ilso been e ~::tensi vely 

evaluated and many au t hors consider it of Jrimary i m)ortance. 

As is t he ~athologi c p rocess in man, t h e part t he se v~rious 

medi at ors )l ay in endotoxin s hock is p res ently iilore a raatte r of 

specul ation t 11an p roven fact. :.1os t of t:1e ,.,,ork has been done 
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with e:J inephrine and hi s t r.r.une and hence there i s t:10 r e written 

evidence c oncerninr; t heir ;i,.rt. It is c.ui te _>ossible t hat some 

of t he lesser investi6 ::i.ted ,.gents or agents yet to be discovered 

will be of t1ore L 1~Jort r.nce . At any r a te , t hi s entity ,.Jrobably re­

su l ts f ror:1 t h e complic, tecl inte r action of s cvcrc.1 f actors , 2.11ong 

which e _1 ine Jh rine 2.nd/or h i s h mi n e n 2.y be involved . 

The fir s t consider .:. ti on i n t:1er c;iy i s t he antibiotic or c or:1-

binati on of antibiotics whi ch is raos t likely to be effective . I n 

t he beginni ng t he choice is e;-n eric of necessity bec au s e one c annot 

afford to wait f o r pe r tinent l ab r esu l t s . In u2,king t l:i s s election 

one rmst consider t he J rob ~.ble port al of entry , t he 1aos t likely 

c ausitive org.: ni sm , t he antibioti c s mos t l ikely to be eff ective, 

pos s ible delete rious effects of t he selecte d .::ntibi otic , Gn d 

energence of resi s tant org2 ni :.;n s . 

The ) Ort a l of en try is to be c on s i dered becc:us e it nay be 

help fu l in de ci ding \Lich is t h e mo zt likely ors .-i,i si~. . Thi s f actor 

1·L s di s cuss ed e r rlie r in t:1i s paper . The GUtr .. ct i s t .::,e mos t 

frequent _;:i o r t a: of entry ui t l1 t he ao- t likely or; ruiism being E coli , 

Aerob acter, and Proteus . Ti1e mo[;t likely organism from the ·; econd 

cor;mon p ort al , t he GI tra ct, a re E coli ::;.nd J\erobacter, Pseudo­

n on r,s i s f r e quently i mplicated when t :1e Ji Or tc:l of entry i ~: t he skin . 

Othe r findings which tenu to i mp lic2.te Pseudomonas are t h r ombo­

cyto:)enia , leukopeni a , or ictllm a g a.ng renosur,1. Pro;:,lT~rl .:.ctic 

antibiotic t her 2.py fre quently res u l t in se) t i cen.ia cause cl by 

Pseudononas , Aerobacter c,nc Par :: colon. 
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In loo;.dng at Ch, .rt IV (_1age 25) and Chart V (p z..ge 26) there 

is one fa.ct which stands out qui te :nominently. Streptor.1ycin has 

not :Jrovcn very effective in vitro in cor,1bating the grr.m negative 

orz;-mis::1:-;. There i s ~ilso evidence t1r t t :,ese org2nisms a re be­

co~1ing cve~1 .::ore resistrnt to tl1i s crug. Tl1i s is .: very good in-

c,ic::-ti:m t h,·t Stre) tomycin cloes not h,ve the bro.:d s Je ctru;,. 

activity it i· · com:.only thought to l12ve . Fron this the follo\,'ing 

rssunptions can be ;;12de . 

1) The Jenicillin r nd strep tomycin, often ordered pos t-o:Jer2tively 

as propllylz.xis , g;::inst infection, is c;-ui te )ossibly in error . 

This may contribute to i)OSt- o)er~ ti ve "_; eJtice •. lia c,,used 

by gr2S1 negative organisi:1s. 

2) The use of er.1,Jeric Streptomycin in endotoxei.1ia before 

cu ltu re results l-H ve been reported is not \\1ell founded 

by in vitro s t udie s ;: nd should not be relied on. 

3) Prob2..bly t he only use of Streptor.1ycin in cnd.oto,cin ..:.; hock 

would be lo.borrtory evidence of t ·ensi ti ve org,misn in 

a :,2.tient who hes not respoaciecl to c!J ther tl1erapy . 

Colistin is::: clrug whi ch h ~s been sugges ted in recent yeas 

as h,:iving value in the tre 2tment of gran neg2_ti ve s e Jtice.:iia s. 

Fron Chart V one notes its r.1; · rlced similarity to Polymyxin B 

esnecially in combating Pseudomon<1:; infections . The ·)oss ibili ty of 

increr s ed number of resi s t 2.nt Pseudomon ,.s s t r&ins to .folymyx.in B 

m. y •,:,ortend an increased it;;>ortancc. of titls drug in treating se,J t­

i cc111i as due to this o rg.::nisra . T'.aere 2,re s everal clr2wbacks to t he 
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use of this drug in t he initic:1 treatment of gra.a negative 

septicemias 

1) E:oensive antibioti c (15) 

2) Nephrotoxici ty and paresthesias have been reported. 

3) Fekety (15) noted the possibility of antagonism of this 

drug with the bacteriosta tic agents . An important draw-

back if one is Going to conside r the use of the tetracyclines, 

4) Fekety (15) noted the develo)i.1ent of a few resis tant strains 

with tre atment. In vitro there \%S facult ative one ste) 

changes , which \Jere unstable and c,uickly revertecl back. 

5) The one notable exception to its broad S)ectrum activity 

is t:1e resi s tance of proteus species. Yrtis "-s.mr.1e s even 

more i mp ortance when one considers that t~1is org"ni sm is 

a frequent offender in s epticefilias due to gram ne g< tive 

organisms. For this reason Colistin should not be used 

in the initial therapy unless used in combination with an 

antibiotic effective ag.::inst Proteus . 

The tetracyclines h2.ve been wic'.ely u s ed for their broad 

s p ectrum 2.ctivity. As noted from Chart IV (page e5), there is 

evidence of t he develop,;:ent of res i s t ance in certain gr~::1 neg.::,ti ve 

s trr.ins, n.u:iely Proteus ;:md Aerob2.cter. Evidence for t.1i s c c:.n also 

be s een in Chart V (page 26). The incidence of resis t:..-nt Aerob.:_cter 

strains to tetracyclines was a1proximately 21% in Spi ttel' s s eries 

and wrs 75% in Martin's series. This is a signifi cent difference. 

The change in rela tion to Proteus is small, 66% as comp "-: red with 
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88% and ;") robably is not s ignif icent. A similar c omparison c annot 

be made with the other tetr2-cyclines from Chart V. Koch (33), 

however, rep orts cross resistance r..nong the tetracycline group 

of drugs. ~ coli has re,1ained ess entially sensitive to t he tetra­

cyclines. 

The tet r2.cycline drugs used alone would app e a r to be effective 

against ~ coli but are relatively unlikely to be effective against 

Proteus and Aerobacter. Hence thi s group of drugs should not be 

used alone to initi 2..te t her2.py against gram negative septiceraias , 

but should be used in combin2.tion '\'Ii t h anot !1er antibiotic. The one 

are a in ·,;hich t :,e se drugs nay be t he anti biotic of choice is in 

connection v1i fr. infection \'Ji t h Brcteroides . 

The next drug to be considered in t he initi a l tre r·t ment of 

graI'l negative septiceuia i s Chloramphenicol. From Chart IV it 

c 2.n be seen t h,1t Cl1lor2.mphenicol lu.s remained effective in combati!1g 

gn.m negative b acteria. From Cnart V it c an be seen tha t \vallbren 

(83) considers this drug foe mos t effective antibiotic against 

Proteus organisms. de also found tha t this drug, in combination 

with oxytetr acycline, was effective aga inst 91% of Proteus strains 

te s ted. It can z.lso be noted from Chzrt V t hat chlorrun.phenicol is 

not eff ccti ve against Pseudomonas wl1i ch is a drawbz.ck to the us e 

of t he antibiotic in t h e initial trectraent. 

The to;ci.ci ty of Chloramphenicol c ::.n also be brought up in the 

argument agains t its use in t herapy. A.nong t hese toxicity s ymp toms 

are nausea, vomiting and diarrhea. .-los t of t hes e symp toms ca.-i be 
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ex)lr..ined by alternation in the gut flora. The i mportant toxic 

manifestation of Chloramphenicol is dep r e s s ion of the bone marrow 

resulting in blood dys crasias s uch as aplastic anemia ~nd agranulo-

cytos is. The incidence of thi s typ e of toxicity is low, p robably 

occuring in no more t 11an 1 out of 200 , 000 to ~50,000 pati ents (93) . 

Although infrequent, The s eriousnes s of t his toxic r.ia...n if est .. tion 

dictates tha t this drug should no t be used to tre .:,t minor infections. 

Gram negative bacterer;Oj. a i s cert .;inly not a minor infection , and 

rh,s d,-,.,.f 
in viev1 of t he high mort::-.lity" hr.s a very re.:1 place in t her apy. 

To w:-iat extent should t hi s d rug be used? 

1) Init ial therapy in gralil negative septicemias associated with 

shock: This drug has p roven effective against t he majority 

of gr 2.m negative organisms implicated in caus ing s e pticemia. 

2) Gram nega tive se;) ticemic.. without shock: The drug sh .>u l d 

;, robably be used ;;.ere also. The mortality r ate s till 

approaches 25%. 

3) For an added safety factor t his drug should be used in comb­

ination with another effective antibiotic. In looking 

a t Chart\v it appears t h at either a tetracycline or 

Kanaraycin would be t h e best choice. The bulk of t he lit­

erature favor a t e tr acycline in t his role. If Pseudomonas 

were ex Jected, ChloramJhenicol should be used wi th CoHstin 

or Polyrayxin B. Combination wi th Neomycin h~s a l s o been 

recommended (84). 

This drug is metabolized in t he body and does not de.Jend on t he 
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on the ren2l function fot excretion. Therefore renal failure is 

not a contraindication to its use . 

The next drug for consideration is J?o lymyxin B. Chart V 

reveals t his drug to be effective only against Pseudomonas 

aeru£e_11_osa and. ,:dso indicates that possibly this drug is becoming 

less effective against t his organism. Mclienry (48) lists three 

si tu2.tions in which Polyr.iy;cin B n~-..y be indicated 

1) Clinicr.1 or raicrosc0pic evidence of Pseudomonas 

2) Inadequate em.peric ther2.py after 48 hours 

'.,; _ Poor clinical response to organisn showri-to be sensitive 

to Polymyxin B. 

In using this drug care snould be taken for possible renal toxicity, 

paresthesias, and cerebellar ataxia. 

Kanmnycin ha .:, a v;ide range of <1.ntib, cterial action. Katz (32) 

and McHenry (48) suggest t hat serious consideration of t his drug 

is indicated if the initial t herZ-[)y sL.otlld prove ineffective. 

Ti1is i.-:orker c on::;iclers t l1is drug to be indicated if staphlococcal 

septicenin is suspected. In using this drug one should beware of 

its ototoxic activity. I feel that thi s drug does have definite 

use in gra11. negative septiceru.2, p rob;:.bly being indicated if the 

initial thera,..:y a_)Jears to fdl. 

I,eomycin is another anb_biotic to be considered. According 

to Cl:a rt V it is of les s eff ccti veness against Proteus and Aero­

bacter t h an is Chloram;:,henicol and of ~bout equal effectiveness 

when compa red to the tetro.cyclines. Neomycin concentrc.tion may 
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become elevated in the L:.ce of renal failure because the urinary 

trr-ct is t he principal excretory route. Neomycia is ototoxi~ and 

ne:)hrotoxic, indic2ting that this dn1g should not be selected over 

tetru.cycline unless lab studies reveal org:.-snis1;1s sensitive to this 

drug. 

Antibiotic thera;_Jy r.mst by necc.ssi ty be instigated 2.t lez.st 48 

hours before sensi ti vi ty s t udies liave been reported. I tried to 

show \':hy I feel Chlor2Jn)!1enicol and a tetr acycline should be use cl 

initi2clly. Possible exceptions to this would include 

1) Suspect .i:'seudomonas--Use Polymyxin B or Colistin in ·1lz.ce 

of the tetr wcycline 

2) Su s 1ect staphlococcal infection-- Use penicillin or K2.t1amycin 

Martin ( 44) recommends t hat if there is not clinic2.l improve­

ment after 12 hou r s one should change antlbiotic ther;..py. The drug 

to be substituted ,,gain must of necessity be emperic. Prob 1:.bly 

Polynyxin B or Colistin should be used in place of t he tetracycline 

because the initial t h erapy is knO\·m not to be effective against 

Pseudonon~.s , a coumonly implic2.ted organi sm . 

When suscep tibility tests return, tuo possibilities exist. 

1 ) If adequate clinicz,1 response is occuring the thcrar,y should 

not be changed des)ite the lab results ( 48) . 

2 ) If respons e i s poor one should try to derive an acceptible 

combination of dn1gs as deternincd by t he l ab results. 

Antibiotic therapy should be continued until afebrile for at least 

72 hours 2.ncl three succes sive blood cul tu res are neg<,ti ve. 
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THe v::.lue of v. soi) res s o r s i n n,an i s even more cont roversi a l 

t han its use in ani nal s . C>ne i m,)Ortant ;>oi nt shou l d be r;w.de 

however; t h e rr u s e i s generally a cce? ted -by t L.e medi c z.l ~H ofe s sion, 

hence, v 2.sop ressors should at 9 resent be used in endotoxin shock if 

for no other re ason t han medic 2. l le gal pu r pos e s . It can be expected 

t h, t t he us e \·;ill conti nue until very dcfini te Ln ci ind.:.s)utible 

evl dcnce is i) roduce d to s;1ow t hr.t t h ey arc v 2 l u e l ess. I n dogs t he 

evidence i s not ve r y i n::, res si ve t l:at v aso? res::;ors a re useful . It 

i s 11,· r c.i. to co rre l 2. te effe ctiveness idth :,1ortali t y becau se c:.s 

mentioned e 2. rlier t he underlying patho l ogy appe a rs t o be t ne main 

deterrJinant of fina l r esults . Thi s i s com;:, ounded by t he abs ence 

of cont ro l groups , as a l a r ge enough number have not bee n tre 8. ted 

without ~aso) res s ors . 

Vaso,J ressors should be u s ed on l y to t he exten t t hat the 

syst ol i c p res sure i s mai n tai ned at not ove r 180-110 . It i s felt 

by ,;;.o s t uo rkers t lu: t if t i1e s ys to l ic pres sure i s mai n t ained hi g.:,er 

t h2n t ~1is t l,ere ~~re definitely de tri t~entzl effects ( 44 )(65) . 

Mos t wo r '.cers .::lso agree t l1at Ar vr.rine and Le vo;,hc d .:.re t he , gents 

of clloice (4 .:.'.- )( 90 ) . An giotens in is reci evinr; incre asing acclain, 

recently . 

T:1e known acti ons of v 2.sopres sor s i s helpf ul in Ce t e r mi ni ng 

vmich agent Should be used . The s e a gen t s s e em to increrse co rom. ry 

blood flow and c 2.rotid flow, which is p rob: b l y t h e one clear cu t 

indication f o r t heir u s e in endotoxin s hock . Angiot ensin, itowever, 

i s r eported to decrez,se coronc, ry f 10,1 , a pos sible contr2.indication 

to its u ~e, 
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The decre.:cse in uri nary flow comnonly noted with endotoxin 

shock suggests that ren.il blood flow should be J rotected if possible. 

As noted before, Vasoxyl de cre~ses renal blood flow incli c 2_ti ng a 

contraindication to its use . Wyamine is the most effective drug 

in incrc '" sing the renal blood flow. This drug, however, docs not 

appear to be sufficiently potent to be effective in endotoxin 

shock (21). For this reason this drug is not frequently resorted 

to. 

Arru:une is the s econd most effective drug in incre asing 

renal blood flow. This drug is also mentioned by s everc:l \·JOrkers 

to be quite effective in elevating bloc d pressure due to increz.sed 

venous return. Its prolonged action , absence of local injury, and 

different pos s ible routes of 2.d1,1iaistration a.re attractive. This 

drug p robably warrants early trial innshock due to gum negc-.tive 

s e :;:i ticemia. 

Levo:,hed is t he ,aost potent v aso;::i ressor in p res ent extensive 

use. Thi s drug ,)roduces v ;,,s ocons triction of a rterial, c 2.")illary, 

anc~ venous ves s els. Tl:.is drug should :.ie rese rved f o r tre , t-.1ent 

in cases ref r.·ctory to Ar r.mine . 

Angiotensin is still to be ev;1 lu ated. The f act th< t it 

decreased renal blood flow and coronnry ;; rtery flow may be t c:cken 

at ,)resent to b e a refative contradiction to its use .- Greco (21), 

however, h ad good results with this agent in tre ating endotoxin 

s hock. This agent p roduced an elevLtion of blood ) ress ure where 

I. r a,aine Lad failed. he did not ma.ke .::. s i ,,,il 2.. r cor,1Jarison with 

Levophed 
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The efficien cy with which t he s e 2-gents incre2.se blood p ressure 

mu s t be t aken in li gh t of Greism~:n ' s (22) stz.te.:uent that an i mp r ove­

nc:1t of t he blood pressure i s not necessc::ri l y s ynony:mus with 

t herapeuti c benefit . The agents to be used appe ar to be Ar amine 

first f ollowecl by Levo)hed. Angiotensi ,f nay become n ore i m)ortant 

in t he future , pos sibly in combinati on with a steroid. 

The use of stero _ds in gram ne r2. tive se~J ticefilia is op en to 

cons iderable controve rsy. It ap_:, ears to be well est ablished t hat 

adrenal functi on function i s not impaired and hence the u s e of 

steroids c,mnot be r ationalized on this b ,,si s . Tlle dra..r;iatic results 

in dogs would, on t he surf ace, a_Jpe ar to be ample re2.son for t he 

use of s teroids in man but one mu s t r emember t h,ct the live organism 

is present in man , , a very important difference . McCabe's ( L! 5) 

finding that se1Jticemi as in 9atients on p rior s teroids carried r:n 

increased mort ality r ate is good evidence agains t t heir use in man . 

The one ;.1 l a ce where steroids may be i ndicated in t his entity i s 

in endotoxin shock ref1· s ctory to V<'-sop res :;ors. Th e use of t hese 

agents nay ::iaint ain coron:c. ry and ce rebr 2.l .i)erfu sion when u s ed in 

conjunction wi th n. vasopres sor . Aldos terone m;:;.y be t he s teroi d of 

choice . 

Sym;_Jc:. t holytic agents , ,·.ntihi '; t amini cs , serot onin Zsnt 2.goni s ts 

and hydralazine are not i ndicated at p resen t c:,nd should not be used . 

EiJsilon- i.inino-Ca Jroic acid is incor,1pletly ev alu2..ted et nesen t Lnd 

hence it should not be u :.;ed . Hypothermia appears to be very 

effective and 1:iay ) l ay a rec, l role i n t h e t re2..t 11ent of gr 2.m 
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negative se_Jticefaia vii. tll shock. This ne thod of tre at ment may 

replace steroids in refractory cases. 

SUMMARY 

This J,)er •·:as intende d to be a brief review of t he li ter.:-ture 

on t he c linic al pi cture and tre 2- t:1ent of gr,m negc:ti ve s ep ticemia. 

with shock. At the out s et it was wote d t l1c· t t here has been a 

marked increase in t ne incidence of se,,J ticemia in recen t years. 

A combin ation of s eve r .. 11 articles revealed t h'" t Pseudomonas , 

Pro teus • E coli , nd Aerobacter were t he main off enders in c ausing 

the s ep ticemias. The possibility of "p ro ,Jhylz-,ctic antibiotic 

t her apy" as a cause of t he increr_sing incidence w;is di s cussed. 

Heophtsia \':as f ound to be t he most f re c:_uent underlying disease. 

The mortality w2.s found to be related to s evercl f ;; ctors such 

severi ty of t he underlying disez.se wd p r esence or ab$ence of 

shock. Sevcr :: 1 nuthors attem;? tecl to rel ;: te mottali ty to t he 

o rganism involved but t here ,rn.s little corre l ation be twe en their 

re;;,orts. The GU tract wrs found to be t he most frequent port ;:;l of 

entry followe d by t he GI tr , ct. 

The clinical story vms next discussed and it was found t hat 

a chil l z nd temperature spike vrn.s the mos t coIT12no n he .. ,rldry of the 

onset of t lle septicemia. Tl.is w2 s com,)ared to t h.::t seen in dogs 

wi t h the res ulting conclusion tha t t here w&.s consider,.ble difference 

between the two. 
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The action of the endoto::dn on the vr,rious org.:- n systems of 

the e::)9eririental c:ninal ,·12 s discussed . There ,vas "1n. r!,ed s~ecies 

diff ere nee found althoui;h pooling of blood appeared to be r. 

fre quent conmen deno;uinator. This was mos t marked in tl1e dog and 

less so in the nonkey and presumn.bly in man . i-;o deHni te conclusion 

could be mr..de concerning t he importance of pooling of blood 2.nd 

total _:::i erii;,heral resist ance in the cause of shock . 

Confusion rei gned supreme when we entered upon the discus :-- ion 

of possible r.iedi.:..tors of the endoto::d.n action . There were c:..pp­

roximately as many theories ~s authors. Epinc::ihrine and histamine 

did , Lowever, apJear to pln.y an im:_:,ortant role. 

The 1aainstay of treatr.1ent is 2-ntibiotics. Although there is 

so,;1e differences of opinion regn.rding t he value of in vitro studies, 

most wo r ker ::, felt t hat in vi tro correl a ted fcirly v1ell with in vivo 

rcsu .: t s . From this a case •.;as nr.de for the us e of Chl...H.:nn)henicol 

and a tetracycline in the initial tredment. 3everc1l suggestions 

,-,ere t l1en given for t he continu 2- tion of antibiotic thera:,J y. 

Vasoi)rcssors were next discussed and it w2.s found t he t it w2.s 

hard to prove ;_:, definite indic2tion for t lleir use. 1,.aintainance of 

coronary and carotid blood flow aµ,;ie~.red t0 be t ;:e only deh.n1 te 

indication for their u s e. Arar.iine, , Levophcd 2-nd ;:> ossibly Angiotens:i.n 

were sugc ested for use. 

The use of s teroids \.as also controversial. Large series 

reve :- led t l,e possible detrimental effects of t he se agents. There 

use no\v is possibly a hangover from t he s teroid as a panacea era. 
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It w~s concluded t .ir. t t .ieir us e may be i ncli c ,~ted in refr actory c ase s 

where all other i1e 2<m r cs h c:. ve f ail.ed. 

Supporti ve t i'!.era)y \vas di s cuss ed ;_,nd hyoo t hen7J.i ;::; was found to 

be possibly of g r e at help in t he future . Other agents which have 

be en sug;:;ested in treat ment were di scuss ed and s et aside for t he 

p resent . 

In all t he mortality cannot be e:xpected to be lowered to any 

significant de gree until very real advances are made in t he action 

of t he endotoxin - why it acts , how it acts , and where it acts . 

When these facts are dis cove re~ better theraputic measures will be 

found resulting in a raore optimistic outlook. 
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