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The high fatality rate of patients in septic 
shock and the intrigue generated by the com- 
plex reactions to endotoxin, have prompted 
extensive investigation of the role of endotox- 
in in the pathogenesis of shock. In  spite of 
these studies, a definite pathogenesis of shock 
due t-o sepsis is not established. Nowotny 
(1) in a review of the current status of our 
knowledge regarding the endotoxin macromol- 
ecule, emphasized that although there is no 
generally acceptable evidence regarding a 
specific tissue or “target cell,” the most sig- 
nificant factor may relate to the response of 
the host rather than the specific toxic com- 
ponent of the macromolecule. Recently, 
renewed efforts to simulate clinical septic 
shock have included the use of live organisms 
rather than endotoxin preparations, and the 
primate rather than canine animal model. Al- 
though live E .  coEi organisms produced some- 
what different effects than endotoxin in the 
canine animal model (2 ) ,  the major differ- 
ence between the effect of endotoxin and E. 
coli in the rhesus monkey was the rapidity of 
onset of measurable physiological changes 
and not the quality of the changes (3). Con- 
cern regarding the validity of the endotoxin 
shock model is amplified by the problem of 
septic shock due tlo gram-positive organisms 
which do not contain endotoxin. Kwaan and 
Weil (4) suggested that patients with gram 
positive septicemia and hypotension differed 
physiologicaly from patients with gram- 
negative septicemia and hypotension. He sug- 
gested that those with the gram-positive sep- 
ticemia had a hyperdynamic circulation, 
characterized by an elevated cardiac output 

1 Supported by the Veterans Administration Hospi- 
tal, Oklahoma City, Oklahoma and Department of 
Navy Con tract NO001 4-68-A-0496. 

and low peripheral vascular resistance, 
whereas those with gram-negative septicemia 
had reduced cardiac output and frequently 
an increased peripheral resistance. Blain et  
QZ. ( 5 )  studied patients with bacteremia and 
found more severe hemodynamic alterations 
in those with gram-negative bacteremia than 
those with gram-positive bacteremia. 

This study was conducted to evaluate the 
cardiorespiratory effects of gram-negative or- 
ganisms as compared to gram-positive organ- 
isms in a well-controlled animal model, the 
rhesus monkey. 

Materials and Methods. Twelve rhesus 
monkeys of both sexes ranging from 2.6 to 
9.8 kg who had no evidence of other disease, 
were utilized in this study. Six animals re- 
ceived live E .  c d i  organisms and six received 
live staphylococcus organisms intravenously. 

Ventilatory, blood-gas exchange and he- 
modynamic data were collected by techniques 
previously described in detail ( 3 ) .  The 
animals were anesthetized by injection of 
pentobarbital sodium, 20-30 mg/kg in- 
travenously. They were then intubated with a 
cuffed endotracheal tube to perrnit the collec- 
tion of expired gases. A cutdown was per- 
formed on the femoral artery and vein and 
catheters advanced to the right atrium and 
femoral artery. Pressures were recorded by 
Statham P23Db pressure transducers and 
cardiac output was determined by the indica- 
tordilution technique. After the initial he- 
modynamic and ventilatory studies were per- 
formed, the organisms were infused continu- 
ously over a 30-min period utilizing a Holter 
infusion pump. Hemodynamic and ventilato- 
ry measurements were repeated at  30-min 
intervals for the entire 4 hr of the study. One 
animal in the E. colj group died prior to the 
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180-min evaluation and 2 animals in the 
staphylococcal group died, at  120 and 210 
min, respectively. 

The organisms were prepared as previously 
described for the E. G O E ~  organisms ( 2 ) .  The 
coagulase positive, Staphylococcus aweus 
organisms were initially obtained from a pa- 
tient who had staphylococcal pneumonia and 
septicemia which was fatal. These suspensions 
of saline-washed organisms, in the logarith- 
mic growth phase, were prepared immediate- 
ly prior to infusion into the animals, and 4 
ml/kg were then infused. Final quantitation 
of the organisms was performed by colony 
counts. The E. coli counts ranged from 6.4 X 
lo9 to 2.7 X 101Oorganisms/kg of body 
weight and the staphylococci ranged from 7.2 
X lo9 to 1.9 X 1O1O organisms/kg. 

Statistical analysis was conducted by the 
Student's t test. 

Results. Hernodynamic studies. The mean 
cardiac output during the control period was 
158 ml/kg (SE = 13) for the animals receiv- 
ing E .  coli and 233 ml/kg (SE SO) for the 
group receiving staphylococci. Figure 1A il- 
lustrates the change in cardiac output fol- 
lowing the onset of infusion of the organisms. 
At the end of the 30-min infusion, the mean 
cardiac output was increased in the group 
that received staphylococci, but was less than 
control a t  all subsequent periods. The mean 
cardiac output decreased progressively in the 
animals which received E. coli. The change in 
carldiac output was not significantly different 
between the two groups at  any of the times 
measured. The mean control systemic pres- 
sure was 113 mm Hg (SE = 11) in the E .  
coli group and 120 mm Hg (SE = 6 )  in the 
staphylococcal group. Figure 1 B illustrates 
the change in systemic arterial pressure. The 
hypotension was greater at 30 and 60 rnin in 
the staphylococcal group ( p  < .OS) than the 
E. coli group and the pressure remained low- 
er at 240 min. Initial total peripheral resis- 
tances in the E. coti and staphylococcal group 
were 9950 (SE = 1620) and 10,450 (SE 
= 520) dynes-~ec-cm-~, respectively. As is 
apparent, the marked decrease in systemic 
arterial pressure in the face of a smaller de- 
crease in cardiac output, resulted in a 
marked decrease in systemic resistance in 
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FIG. 1. Hemodynamic data in animals receiving E .  
coli or staphylococci: (A) change in cardiac 
output; (B)  change in systemic pressure; ( C j  
change in systemic resistance; (D) heart rate. *indi- 
cates p < .05 when E .  coli compared to staphylo- 
cocci. 

both gro,ups, but this decrease was only sig- 
nificantly greater in the staphylococcal group 
at 30, 60, and 240 min (Fig. 1C). The mean 
systemic resistance increased above control 
values at  150 min in the E.  coli group, but did 
not return to control values in the staphylo- 
coccal group. This difference was only signifi- 
cant at 240 rnin. The heart rate increased 
minimally but significantly in both groups 
during the study as illustrated in Fig. 1D. 

Ventilatory data and blood-gas exchange. 
The mean control oxygen consumption was 9.0 
ml/kg/min (SE = 0.7) in the group which 
received E .  colli and 10.2 ml/kg/min (SE = 
1.8) in the group which received staphylococ- 
ci. There were no significant changes in ox- 
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FIG. 2 .  Ventilatory data and blood-gas exchange 
in animals receiving E .  coli or staphylococci: (A) 
oxygen consumption ; (B)  minute ventilation ; ( C )  
arterial partial pressure 'of carbon dioxide; (D) cal- 
culated bicarbonate concentrati,on ; (D) alveolo-ar- 
terial oxygen tension gradient. 

ygen consumption in either group throughout 
the study (Fig. 2A) .  The mean control min- 
ute ventilation was 240 ml/kg/min (SE = 38 
in the 23. coli and 330 ml/kg/min (SE = 60) 
in the staphylococcal group. The ventilation 
increased in both groups during shock (Fig. 
2B). The arterial Pco2 decreased during the 
study (Fig. 2C), and the calculated bicar- 
bonate decreased (Fig. 2D). Since the mean 
pH decreased from 7.43 to 7.42 in the E. 
coli, and 7.40 to 7.38 in the staphylococcal 

group the changes suggest the development of 
metabolic acidosis. There was no significant 
difference between the groups in any of these 
parameters. The abrupt increase in mean 
PCO? and mean bicarbonate a t  150 min in 
the E. coli group is a result of death in one 
animal with a very low Pco2 and bicarbonate 
whose values considerably decreased the 
mean. The alveolo-arterial oxygen tension 
gradient was 21 mm Hg (SE = 0.5) in the E .  
coli group and 20 mm Hg (SE = 1 )  in the 
staphylococcal group during the control peri- 
od. This gradient increased markedly with 
the development of hypotension and was 
comparable in the two groups. 

Discussion. Several recent studies have em- 
phasized a hemodynamic difference in pa- 
tients with bacteremia due to gram-positive 
organisms as compared to gram-negative or- 
ganisms. In  the study of Blain et al. ( S ) ,  the 
bacteremia was not associated with shock, 
and was associated with an increase in cardi- 
ac output and decreased peripheral resistance 
when due to gram-negative organisms. Pa- 
tients with gram-positive organisms had little 
hemodynamic variation from the nonbac- 
teremic patients. On the other hand, Kwaan 
and Weil (4) studying patients with bactere- 
mia and shock, found decreased cardiac out- 
put and frequently increased peripheral resis- 
tance in those with gram-negative organisms, 
as compared with an elevated cardiac output 
and low peripheral resistance in those with 
gram-positive organisms. These physiological 
discrepancies may be related to the stage of 
bacteremia, preexisting or associated disease, 
severity of the septicemia, or other factors. 
Additional suggestions regarding the signifi- 
cance of the type of organism, were made by 
Gallin et  al. (6) who found increased levels 
of total serum lipids in patients with infec- 
tions due to gram-negative organisms as com- 
pared to those with gram-positive infections. 

In the present study, infusion of similar 
numbers of washed, live gram-negative or 
gram-positive organisms resulted in similar 
respiratory, hemodynamic, and metabolic 
effects in the lightly anesthetized rhesus mon- 
key. Although the cardiac output was higher, 
and the peripheral resistance significantly 
lower in the animals receiving staphylococci 
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30 min after the onset of infusion of the 
organisms, these differences were not appar- 
ent 90 min after the onset of infusion. The 
hyperventilation, metabolsic acidosis, and ele- 
vated alveoo-arterial oxygen tension gradi- 
ents were comprable in both groups and simi- 
lar to those previously described in animals 
receiving live E .  cali or endotoxin ( 3 ) .  The 
hemodynamic findings are generally similar 
to those reported by Elsberry et d. ( 7 )  in 
the unanesthetized rhesus monkey after E .  
coli endtotoxin or staphylococcal enterotoxin 
B. Their animals generally had little decrease 
in peripheral resistance, but a marked de- 
crease in cardiac output. 

The hemodynamic differences between the 
two groups during the first 60 min may be 
related to basic differences in response to the 
live organisms, however the group numbers 
are small. The striking similarity of physiolo- 
gical responses to the different organisms sug- 
gests a final common host response which is 
not dependent on endotoxin per se. The pos- 
sibility that enterotoxin was the effective 
agent in the staphylococcal infusions cannot 
be entirely excluded, however the method of 
preparation of the organisms was theought to 
preclude this as a major consideration. It is 
likely that the dramatic host response in 
shock due to septicemia, or after enterotoxin 
or endotoxin administration is determined by 
a final common pathway rather than a spe- 
cific toxin-target rela tionship. 

Summary. Cardiorespiratory effects of 
gram-negative and gram-positive septicemia 

were compared in the lightly anesthetized 
rhesus monkey. Thirty to 60 min after the 
onset of infusion of organisms, the cardiac 
output was higher and the peripheral resis- 
tance was lower in the group that received 
staphylococci, as compared tlo the group that 
received E. cdi.  Subsequently, the cardiac 
output decreased, systemic pressure de- 
creased, minute ventilation increased, alveo- 
lo-arterial oxygen tension gradients increased 
and arterial Pcoz and bicarbonate decreased 
as previously described in septic shock and to 
a comparable degree in both groups. These 
findings suggest a common host response to 
grarn-psi tive and gram-nega tive organisms. 
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