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Abstract. The effects of adrenaline on haemodynamics 
and oxygen transport were studied in 13 patients with 
septic shock persisting after optimal fluid loading. 
Adrenaline was administered by intravenous infusion at 
an increasing dose until no further benefit was seen. 
There were significant increases in mean arterial pressure, 
cardiac index, left ventricular stroke work index and oxy- 
gen delivery index. There was no significant change in ox- 
ygen consumption although the trend was towards an in- 
crease. There was a significant reduction in oxygen extrac- 
tion ratio, but no change in shunt fraction. Adrenaline 
would appear to have beneficial haemodynamic effects in 
septic shock. 
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The principal cardiorespiratory abnormalities in septic 
shock are myocardial depression [1], peripheral vasodila- 
tation [2], and delivery dependent oxygen consumption 
[3]. It is logical therefore to base therapy on the correc- 
tion of these abnormalities and there is evidence that 
achievement of supranormal values for cardiac index 
(CI), oxygen delivery (DO2) and consumption (VO2) 
whilst maintaining blood pressure may be associated with 
improved survival [4]. 

In most recently published work such therapy consists 
of optimal volume resuscitation, an inotrope (dobuta- 
mine) and a vasoconstrictor (noradrenaline) [4]. Indepen- 
dent manipulation of circulating volume, inotrope and 
vascular tone requires invasive cardiovascular monitoring 
including pulmonary artery catheterisation. This may not 
always be feasible in the first few minutes of resuscitation 
and so an agent which combines positive inotropic ac- 
tions with vasoconstrictive properties has obvious attrac- 
tions. Adrenaline has alpha- and beta-adrenergic actions 
[5] and is potentially such an agent. Although it is widely 
used to treat shock, its effects on haemodynamics and ox- 

ygen transport in septic shock have not been the subject 
of  detailed investigation. 

The aim of this study was to document the effects of  
adrenaline on the cardiovascular system and oxygen 
transport in septic shock, with a view to assessing its pos- 
sible role as a primary agent in the treatment of this con- 
dition. 

Patients and methods 

For the purpose of this study, septic shock was defined as a mean arteri- 
al pressure (MAP) of  less than 70 mmHg, and a urine output of  less 
than 15 mls/hr in the presence of  at least two of  the following: (a) septic 
focus, (b) white cell count of  greater than t0 or less than 4• 106/ml, (c) 
temperature greater than 38 ~ Thirteen patients were included in the 
study and their details are summarised in Table I. 

All patients were mechanically ventilated with supplemental oxygen 
to achieve an arterial oxygen saturation (SaO2) of greater than 95~ 
Central venous, systemic arterial (radial or femoral) and pulmonary ar- 
teriai catheters were inserted. This enabled measurement of  MAP, mean 
pulmonary artery pressure (MPAP), pulmonary capillary wedge pres- 
sure (PCWP) and right atrial pressure (RAP). Cardiac output was mea- 
sured by thermodilution being taken as an average of  between three and 
five readings using 10 ml of ice cold 5~ dextrose. Using these variables 
cardiac index (CI), stroke volume index (SVI), systemic vascular resis- 
tance (SVR), pulmonary vascular resistance (PVR), right ventricular 
stroke work index (RVSWI) and left ventricular stroke work index 
(LVSWI) were calculated. Samples of simultaneously taken mixed ve- 
nous and arterial blood were analysed for hydrogen ion concentration, 
blood gas tensions and, using a co-oximeter, total haemoglobin and ox- 
yhaemoglobin saturation. From these, arterial and mixed venous oxy- 
gen content, oxygen delivery index (DO2I), oxygen consumption index 
(VOzI) and shunt fraction (Qs/Qt) were calculated. Heart rate was tak- 
en from the ECG. 

Initial management consisted of fluid resuscitation. This was con- 
sidered optimal when PCWP reached 15 mmHg or when no further in- 
crease in CI occurred. Where the haematocrit was less than 35070, con- 
centrated red cells were used; otherwise human plasma protein solution 
was given. Thereafter a full haemodynamic and, except in patient 9, ox- 
ygen transport profile was performed as outlined above. No changes 
were made to sedation or ventilator settings and no further blood or 
colloid transfusions were given after this. 

Adrenaline was commenced at a rate of  0.05 gg/kg/min  and after 
15 min the measurements were repeated. The dose was then increased, 
usually by increments of 0.05 gg/kg/min,  and measurements per- 
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Table 1. Patient characteristics 
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No Sex Age Diagnosis Site of positive Organism Dose adrenaline Outcome 
culture gg/kg/min 

1 M 68 Pneumonia Sputum 
2 F 80 Pancreatitis Intra-abdo 
3 M 63 Pneumonia Sputum 
4 F 65 Pneumonia Sputum 
5 M 68 Ileal perforation Peritoneum 
6 F 46 Myasthenia Sputum 
7 F 74 Aspiration pneumonia Sputum 
8 M 77 Perforated oesophagus Mediastinum 

9 F 81 Biliary obstruction Blood 
10 M 76 Catheter sepsis Blood 
I 1 M 81 Ischaemic bowel Sputum 
i2 F 87 Perforated DU Peritoneum 
13 M 60 Pneumonia; 

Seminoma Chest (PM) 

G +ve cocci 0.25 Survived 
Candida 0.2 Died 
Legionella 0.1 Survived 
Pneumococcus 0.17 Survived 
E. coli 0.25 Died 
Pneumocystis; Candida 0.05 Survived 
E. coli; Candida 0.05 Died 
E. coli; Candida 0.05 Died 
Enterobacter cloacae 
Pseudomonas 0.2 Died 
Coag. neg. staph 0.08 Survived 
Klebsiella 0.1 Survived 
Candida 0.15 Died 

Pneumococcus 0.42 Died 

formed after each change. This protocol was followed until either the 
cardiac index exceeded 4.5 l/min/m 2 and the DO2I 600 ml/min/m 2, no 
further increase in CI occurred, dysrhythmias or other side effects be- 
came apparent or a change of management was judged appropriate on 
clinical grounds. Subsequently, 3 patients received noradrenaline to in- 
crease SVR and MAP and two received dobutamine to further increase 
CI but the results presented are the effects of adrenaline alone before 
the introduction of other agents. Data was analysed by the Mann-Whit- 
ney U test assuming non-parametric data. All values are expressed as 
mean-2_ SE. 

Results 

The maximum dose of  adrenaline ranged from 
0 .05-  0.42 gg/kg/min  (mean 0.16) (Table 1). The haemo- 
dynamic effects in 13 patients with septic shock are sum- 
marised in Table 2. There was a significant increase in 
MAP, CI and LVSWI. There was no consistent effect on 
SVR despite noticeable changes in individual patients as 
shown in Fig. 1. The shunt fraction was unaffected. 

Oxygen transport was measured in 12 patients. The 
DO2I increased significantly from 382 + 41 ml /min /m 2 to 
596+_43 (mean+SE) (p <0.01). The increase in VO2I 
from 116_+ 8 ml /min /m 2 to 133 +- 11 ml /min /m 2 was not 
statistically significant but the fall in extraction ratio 
from 32.3 +2.5% to 23 +- 1.2% was significant (p < 0.0t). 

Table 2. Haemodynamic and oxygen transport changes with adrenaline 
Baseline Adrenaline Significance 
(Mean +_ SEM) (Mean _+ SEM) 

Heart Rate 93 _+ 5 102__.4 NS 
PCWP (mmHg) 15.5+1.5 15.5___I.4 NS 
MAP (mmHg) 55.5 _ 2.9 76 4- 2.5 p < 0.01 
SVR (dynes" s/cm 5) 736 _ 93 687 • 56 NS 
CI (1/min/m 2) 2.8_+0.2 4.3=0.2 p<0.01 
DO2I (ml/min/m 2) 382 _+ 41 596 = 43 p < 0.01 
VO2I (ml/min/m 2) 116+8 133=11 NS 
OER (~ 32.34-2.5 23.0• 1.2 p<0.01 
Qs/Qt (~ 30.3-+2.9 34.6-+2.4 NS 
LVSWI (g.m/m 2) 17.7_+ 1.6 34.6=3.0 p<0.01 

The changes in individual patients are illustrated in 
Fig. 2. 

Six of the patients survived, a hospital survival rate of 
46%. One patient developed acute renal failure from 
which he made a full recovery. 

Discussion 

This study has demonstrated the beneficial effect of 
adrenaline on the cardiovascular system in 13 patients 
with severe septic shock. Following optimal volume load- 
ing, adrenaline infusion produced increases in MAP and 
CI with an associated increase in DO2I. Although an in- 
crease in VO2I was seen in some patients, this was not 
consistent and for the group as a whole the increase was 
not  statistically significant. 
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Fig. 1. Systemic vascular resistance before and after commencement of 
adrenaline 
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Fig. 2. DO2I and WO2I before and after commencement of adrenaline 

MAP and CI both increased in every patient; there 
were no cases of excessive vasodilatation producing a re- 
duction in filling pressure and MAP, nor did any patient 
suffer a fall in CI due to excessive vasoconstriction. It 
would appear that the SVR tended to rise if previously 
low, and to fall in those patients with a high initial value, 
usually those with a very low CI (Fig. 1). The patients in 
this study were in general elderly and the baseline values 
of cardiac index (CI) were heterogeneous with a low mean 
of 2.8 1/min/m 2. Clearly they were not all in the hyper- 
dynamic phase of septic shock; indeed 3 were moribund 
and died within hours. This should be borne in mind 
when considering our results. 

Most published work on the haemodynamic effects ot 
adrenaline describes its use in situations other than septic 
shock and little is known of its effects on oxygen trans- 
port. Infusions of 0.15-0.3 gg/kg/min given to nor- 
motensive and hypertensive subjects produced an in- 
crease in cardiac output, systolic blood pressure and 
MPAP with a fall in SVR [6]. Coffin and co-workers 
found that a dose of 0.5 - 1 gg/kg/min reversed hypoten- 
sion and oliguria in post cardiac surgical patients but they 
did not measure cardiac output [7]. Immediately after 
cardiopulmonary bypass, Steen and colleagues showed 
that a dose of 0.04 gg/kg/min increased cardiac output, 
MAP and pulse pressure with no effect on SVR [8]. 

Bollaert et al. [9] administered adrenaline at a rate of 
1 gg/kg/min to 7 patients in septic shock. The degree of 
volume loading was less than in our study with a PCWP 
of 8.4 + 3.2 mmHg and the patients were all receiving do- 
pamine at rates in excess of 15 ~g/kg/min. The addition 
of adrenaline caused an increase in MAP, CI and DO2I. 
VOzI increased in some patients but not all and the 
change was not statistically significant. These results are 
similar to those we have documented using adrenaline 
alone in relatively low doses of 0.05-0.42 gg/kg/min. 

Whilst the increase in CI, MAP and DO2I achieved 
seem desirable, the failure to increase u consistently 
may be a cause for concern, given that VO21 has general- 
ly been shown to be delivery dependent in septic shock. 
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Adrenaline may conceivably have a deleterious effect 
on tissue oxygen utilisation. In dogs, without septic 
shock, Coffin found that lactate concentrations were in- 
creased by adrenaline (1-2 ~g/kg/min) despite an in- 
crease in splanchnic blood flow. When the dogs were 
placed on cardiopulmonary bypass, this rise in lactate did 
not occur, suggesting that the increased production might 
occur in the heart or lungs [8]. We were technically unable 
to measure blood lactate concentrations during this study 
and therefore cannot demonstrate either a beneficial or 
detrimental effect on tissue oxygenation and lactate pro- 
duction. 

Alternatively it could be that in our study population 
there was not a significant tissue oxygen debt and there- 
fore less scope for an increase in VOzI. As we did not 
measure lactate we cannot comment on this. The results 
of some previous investigations suggest that delivery de- 
pendence of VO2I is a phenomenon only associated with 
an elevated blood lactate concentration, reflecting tissue 
oxygen debt [10]. Another possible explanation for the 
failure to show a clear increase in VO2 may simply be 
that the number of patients in our study is too small to 
achieve statistical significance. 

All of the commonly used catecholamines have a mix- 
ture of desirable and undesirable effects. Dopamine has 
been shown to increase MAP, CI and DO2I without nec- 
essarily increasing VO21 [11]. The same study demon- 
strated an increase in the intrapulmonary shunt fraction. 
Others have found that dopamine may actually reduce CI 
in some patients [12].Neither of these undesirable effects 
were seen with adrenaline in our patients. Dopamine may 
possibly have specific advantages with regard to renal 
function. Dobutamine increases cardiac output and often 
causes vasodilatation. Whilst this may be beneficial in 
terms of microcirculatory flow, it may also cause serious 
hypotension especially in patients who are even slightly 
hypovolaemic. In the context of septic shock, monitoring 
of PCWP to exclude latent hypovolaemia is essential in 
conjunction with its use. Dobutamine has generally been 
found to increase VO2I [13] although not all workers 
have confirmed this [14]. In a comparison of dopamine 
with dobutamine in critically i11, but not shocked, pa- 
tients Shoemaker [15] found that VOEI only increased 
with dobutamine and suggested that this might be due to 
beta-2 vasodilatation produced by dobutamine rather 
than the rise in DO2I produced by both agents. Nor- 
adrenaline is primarily a vasoconstrictor with variable, 
but often detrimental effects on cardiac output. The fact 
that MAP may be maintained, or increased, at the ex- 
pense of a reduction in CI, DO 2 and VO2I illustrates the 
danger of titrating therapy against blood pressure alone 
[16]. 

Shoemaker and co-workers first suggested and vali- 
dated the concept of therapeutic goals of supranormal 
cardiac index, DOzI and VOEI in high risk surgical pa- 
tients, some of whom were septic [171. Edwards et al. [4] 
have applied these concepts to severe septic shock. In a 
prospective but uncontrolled trial, they achieved their 
goals (CI greater than 4.5 1/min/m 2, DO21 greater than 
600 ml/min/m 2, VO2I greater than 170 ml/min/m 2 with 
avoidance of hyp0tension) using fluid, dobutamine, nor- 



S.J. Mackenzie et al.: Adrenaline in septic shock 

ad rena l ine  a n d  d o p a m i n e  to achieve a hosp i ta l  mor t a l i t y  
rate o f  48%,  a great  improvemen t  on  previous  experience. 
Our  s tudy  m o r t a l i t y  o f  54~ is s imi lar  despi te  an  o lder  
s tudy  popu la t i on .  This  may  be pa r t ly  because,  l ike Ed-  
wards,  we based  m a n a g e m e n t  on  h a e m o d y n a m i c  and  ox- 
ygen t r a n s p o r t  var iables  ra ther  t h a n  b l o o d  pressure alone.  

We have demons t r a t ed  tha t  ad rena l ine  can fur ther  in- 
crease CI and  M A P  when  these r ema in  low af ter  f lu id  re- 
susc i ta t ion  in septic shock.  Its re l iable  posi t ive ino t rop ic  
ac t ion  and  lack  o f  unba l anced  va sod i l a t o ry  or  vasocon-  
s t r ic tor  effect  suggests t ha t  adrena l ine  is indeed  a sui table  
p r i m a r y  agent ,  pa r t i cu l a r ly  when full  invasive mo n i to r i ng  
is no t  poss ib le  dur ing  ear ly  resusc i ta t ion  or  pa t i en t  t rans-  
fer. We would  emphas i se  however tha t  full invasive mon i -  
t o r ing  o f  h a e m o d y n a m i c s  and  oxygen t r anspo r t  should  
be ins t i tu ted  as soon  as is pract icable .  As  sept ic  shock  is 
a complex  and  dynamic  condi t ion ,  the  a p p r o a c h  to t reat-  
men t  mus t  be  f lexible and  ta i lo red  to the  indiv idual .  
W h e n  CI  and  M A P  are low, adrena l ine  may  be  given bu t  
it  will  no t  be the  correct  choice in all  pat ients .  The rapy  
mus t  in all cases be m o d i f i e d  in the  l ight  o f  repea ted  
h a e m o d y n a m i c  a n d  oxygen t r a n s p o r t  measurements .  In  
the  presen t  series these led us to a d d  either no radrena l ine  
or  d o b u t a m i n e  in 5 cases. We conc lude  therefore  tha t  
ad rena l ine  has  a p lace  in septic shock,  as ou t l ined  above, 
bu t  t ha t  a need for  fu r the r  research remains.  This  should  
focus pa r t i cu l a r ly  on  hype rdynamic  shock and  also on 
t issue oxygena t ion  and  lacta te  me tabo l i sm.  

References 

1. Parker MM, Shelhamer JH, Bacharach SL, Green MV, Natanson 
C, Frederick TM, Damske BA, Parrillo JE (1984) Profound but re- 
versible myocardial depression in patients with septic shock. Ann 
Intern Med 100:483-490 

2. Abraham E, Shoemaker WC, Bland RD, Cobo JC (1983) Sequen- 
tial cardiorespiratory patterns in septic shock. Crit Care Meal 
11:799 - 803 

3. Astiz ME, Rackow EC, Falk JL, Kaufman BS, Weft MH (1987) Ox- 
ygen delivery and consumption in patients with hyperdynamic sep- 
tic shock. Crit Care Med 15:26-28 

4. Edwards JD, Brown GCS, Nightingale P, Slater RM, Faragher EG 
(1989) Use of survivors' cardiorespiratory values as therapeutic 
goals in septic shock. Crit Care Med 17:1098-1103 

39 

5. Weiner N (1985) Norepinephrine, epinephrine and the sym- 
pathomimetic amines. In: Gilman AG, Goodman LS, Rail TW, 
Murad F (eds) The pharmacological basis of therapeutics, 7th edn. 
Macmillan, New York, pp 151-159 

6. Goldenberg M, Pines KL, Baldwin E de F, Greene DG, Roh CE 
(1948) The hemodynamic response of man to nor-epinephrine and 
epinephrine and its relation to the problem of hypertension. Am J 
Med 5:792-806 

7. Coffin LH, Ankeney JL, Beheler EM (1966) Experimental study 
and clinical use of epinephrine for treatment of low cardiac output 
syndrome. Circulation 33 [Suppl I] 78-85 

8. Steen PA, Tinker JH, Pluth JR, Barnhorst DA, Tarhan S (1978) Ef- 
ficacy of dopamine, dobutamine and epinephrine during emergence 
from cardiopulmonary bypass in man. Circulation 57:378-384 

9. Bollaert PE, Bauer P, Audibert G, Lambert H, Larcan A (1989) Re- 
versal of intractable septic shock (letter). Crit Care Med 17:1084 

10. Gilbert EM, Haupt MT, Mandanas RY, Huaringa AJ, Carlson RW 
(1986) The effect of fluid loading, blood transfusion and catechol- 
amine infusion on oxygen delivery and consumption in patients 
with sepsis. Am Rev Respir Dis 134:873-878 

11. Regnier B, Rapin M, Gory G, Lemaire F, Teisseire 13, Harari A 
(1977) Haemodynamic effects of dopamine in septic shock. Inten- 
sive Care Med 3:47-53 

12. Edwards JD, Tweedle DE (1986) The haemodynamic effects of do- 
pamine in severe human shock (abstract). Br J Surg 73:503 

13. Shoemaker WC, Appel PL, Kram HB (1986) Hemodynamic and 
oxygen transport effects of dobutamine in critically ill general surgi- 
cal patients. Crit Care Med 14:1032-I037 

14. Jardin F, Sportiche MD, Bazin M, Bourokba A, Margairaz A (1981 ) 
Dobutamine: a hemodynamic evaluation in human septic shock. 
Crit Care Med 9:329-332 

15. Shoemaker WC, Appel PL, Kram HB, Duarte D, Harrier HD, 
Ocampo MD (1989) Comparison of hemodynamic and oxygen 
transport effects of dopamine and dobutamine in critically ill surgi- 
cal patients. Chest 96:120-126 

16. Meadows D, Edwards JD, Wilkins RG, Nightingale P (1988) Rever- 
sal of intractable septic shock with norepinephrine therapy. Crit 
Care Med 16:663-666 

17. Shoemaker WC, Appel PL, Kram HB, Waxman K, Lee TS (1988) 
Prospective trial of supranormal values of survivors as therapeutic 
goals in high risk surgical patients. Chest 94:1 I76-1186 

Dr. I.S. Grant 
Intensive Therapy Unit 
Western General Hospital 
Edinburgh EH4 2XU 
UK 


