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ABSTRACT 

In 24 premedieated patients about to undergo coronary artery bypass surgery, anaesthesia 
was induced with either etomidate 0.3 rag. kg t, alfathcsin 0.07 ml. kg -t or thiopentone 3.0 
mg- kg -t ,  in combination with fentanyl. Detailed haemodynamic studies were made including 
measurements of arterial pressure, right atrial pressure, pulmonary artery and pulmonary 
capillary wedge pressure, heart rate, cardiac output and monitoring of the lead Vs electrocar- 
diogram. Cardiovascular data were recorded in the awake patient and one, three and five 
minutes after induction of anaesthesia. Following fentanyl 0.01 rag. kg -t and suxamethonium 
1.0 mg- kg-~ the trachea was intubated and further measurements were made immediately and 
five minutes after intubation. Induction of anaesthesia using the new non-barbiturate agent 
etomidate was associated with a remarkable cardiovascular stability. No major changes in 
heart rate, arterial blood pressure, cardiac index, pulmonary artery pressure, right and left 
ventricular filling pressure or total peripheral resistance occurred. The addition of fentanyl 
decreased heart rate and cardiac index slightly and was associated with a significant reduction 
of the rate-pressure product. The cardiovascular effects of thiopentone were very similar to 
those of etomidate, except for a small increase in heart rate with thiopentone. Alfathesin 
produced a significant fall in arterial pressure, cardiac index and stroke index, while heart rate 
increased. The rate-pressure product remained unchanged. The combination of alfathesin 
with fentanyl produced an additional decrease in blood pressure and cardiac index. 

None of the three induction procedures was associated with cardio-vascular stimulation 
during laryngoscopy and tracheal intubation. Our findings suggest that either thiopentone or 
etomidate combined with fentanyl are acceptably safe in cardiac patients while alfathesin with 
fentanyl appears to be more detrimental to the circulation. 

AMONG the newer  in t ravenous  induction 
anaes thet ics  the non-barbi turate  e tomidate  has 
been advocated  for induction of general  anaes-  
thesia ~,z, since preliminary reports have suggested 
minimal cardiovascular  depress ion  following in- 
t ravenous  adminis t ra t ion in dogs and in man.  
However ,  previous s tudies  of  the haemodynami c  
effects of  e tomidate  in man  have  only been done 
either in patients  with a normal  cardiovascular  
sys t em 3'a'6"7 or in already anaes thet ized  sub- 
jec ts  s. In this s tudy,  therefore,  e tomidate  was 
used for induction of  anaes thes ia  in patients  with 
ischaemic heart d isease  who were to undergo  
coronary artery bypass  operat ions.  The resul ts  
were compared  with the haemodynami c  effects  
of  s tandard  doses  of  alfathesin and thiopentone.  

MATEatAL AND METHODS 

Twenty- four  pat ients ,  ASA class I l l ,  ranging in 
age from 38 to 67 years  were studied. Writ ten 
informed consen t  was obtained from each of the 
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patients  at the time of  the preoperat ive visit. 
Preoperative clinical features  are given in Table 
I, including some angiographic and diagnostic 
catheterisat ion data and the number  o f  coronary 
artery bypass  grafts which were done.  Coronary  
artery lesions were regarded as significant when  
the degree of narrowing was more than 70 per 
cent. Maintenance anti-anginal therapy consis ted 
of  sublingual nitroglycerin, long-acting ni t rates  
(isosorbidinitrate 60-120 rag/day per os) and 
propranolol (40-240 mg/day per os). The daily 
oral main tenance  dose of  g lycosides  was 0 .2-0 .4  
[3-acetyl-digoxin. The last  single dose of these  
drugs was given 12 to 16 hours  before operation.  
The patients were premedicated with meperidine 
1.0 mg- kg -~ , promethazine  0 .5 -1 .0  mg.  kg -~ and 
atropine 5-10 lag" kg -I in t ramuscular ly  90 min- 
utes before induction of  anaes thes ia .  Systemic  
blood pressure  was measured  cont inuous ly  
through an 18-gauge cannula  inserted percutane-  
ously into a radial artery under  local anaes thes ia .  
With the aid of  cont inuous  electrocardiographic 
and intravascular  pressure  monitoring,  a 7 F 
tr iple-lumen Swan-Ganz  flow directed catheter  
was placed in the pulmonary  artery through the 
right internal jugular  vein under  local anaes-  
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TABLE 1 

CLINICAL FEATURES 

Group I Group II Group III 
Etomidate Alfathesin Thiopentone 

( n = 8 )  0 l = 8 )  ( n = 8 )  

Age 54 (43-67) 54 (47-63) 49 (38-58) 
Single coronary artery disease 1 * 2 1 
Double coronary artery disease 3 5 6 
Triple coronary artery disease 4 1 1 
Left main coronary artery disease 1 I I 
LVEDP > 1.6 kPa (12 mm Hg) 3 3 1 
EF < 60 per cent 2 4 2 
D y s k i n e s i a  5 7 5 
Previous myocardial infarction 5 6 5 
H y p e r t e n s i o n  l 3 l 
Digitalis 5 5 6 
I~-adrenergic receptor blockers 8 8 5 
Nitrates 8 8 8 
Number of coronary artery 

bypass grafts performed I 1 0 I 
II 5 5 3 
l l l  2 3 3 
1V 0 0 1 

*Number of patients. 

thesia.  This catheter  was used for measur ing  right 
atrial (RAP), pu lmonary  artery (PAP) and pul- 
monary  capillary wedge pressure  (PCW). All 
p ressures  were measured  using Sta tham P 23 db 
t ransducers  placed at the level of  the mid-axillary 
line and were recorded,  together  with a lead V5 of  
the electrocardiogram on a Hellige E K 21 eight- 
channel  recorder  and display oscil loscope.  Heart  
rate (HR) was calculated from the electrocardio- 
graphic tracing. Cardiac output  was measured by a 
thermodilut ion technique,  using a Fischer  BN 
7206 computer .  A bolus of  10 ml of  five per cent  
dext rose ,  at 5 -10~ was injected rapidly into 
the right atr ium. The result ing temperature- t ime 
curve was monitored on a calibrated Goerz  
Servorgor-M recorder.  Arterial and mixed ven- 
ous  blood gases  were measured  using an A V L  938 
blood gas analyzer.  From the measured  vari- 
ables,  the following data  were derived: Cardiac 
index (CI) by dividing cardiac output  (CO) by the 
body surface area and stroke volume index (SVI) 
by dividing CI by heart  rate. Total peripheral 
resis tance (TPR), pu lmonary  vascular  res is tance 
(PVR), right and left ventr icular  stroke work 
index (RVSWI,  LVSWI)  were calculated using 
the formulae:  

TPR = (AP - RAP/CO) x 80 

PVR = ( P A P -  PCW/CO)  x 80 

RVSWI  = (1.36 (PAP - RAP)/100) x SVI 

LVSWI  = (1.36 ( A P -  PCW)/100) x SVI 

The heart  rate-systolic blood pressure  product  
was used as an index of  myocardial  oxygen de- 
mand.  8 

The patients  were allowed to rest for about 15 
minutes  after the cannula t ion procedure  before a 
series of  control measu remen t s  was taken,  which 
included repeated m e a s u r e m e n t s  of  the cardiac 
output  by thermal dilution until two consecut ive  
readings were within five per  cent. The  induction 
drugs were then injected into a peripheral vein 
over  30 seconds:  e tomidate  0.3 mg.  kg -~ (8 pa- 
tients),  alfathesin 0.07 ml.  kg - t  (8 patients) ,  and 
th iopentone 3.0 m g . k g  -~ (8 patients)  respec-  
tively. Three  measu remen t s  at two minute  inter- 
vals were made over  a period of  five minutes ,  
during which the patients  breathed spontane-  
ously.  Then  fentanyl  0.01 m g - k g  -~ and suxa-  
me thon ium 1.0 mg.  kg - t  were added and the 
t rachea was intubated. Fur ther  measu remen t s  
were made immediate ly  (within 30 sec) following 
tracheal  intubation and five minutes  later under  
condit ions of controlled ventilation.(Flo2 = 1.0), 
using a Draeger-Spiromat  ventilator.  The mean  
changes  at one minute ,  three minutes  and at the  
end of  the observat ion period were compared  
with the control values in the awake patients and 
tested for statistical significance us ing S tuden t ' s  
t- test  for correlated data. To ana lyse  the 
h a e m o d y n a m i c  effects o f  la ryngoscopy and 
tracheal  intubation,  the variables obtained im- 
mediately following intubation were compared  
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with the pre-intubation values obtained at five 
minutes. Statistical significance was defined as 
p < 0.05. Data are presented as means + SEM. 

RESULTS 

All of the patients lost consciousness with the 
induction drugs used in this study. Etomidate and 
thiopentone caused little changes in systolic, 
diastolic and in mean arterial pressure ( - 7 . 2  and 
- 3 . 5  per cent, respectively; Figures 1,2). Induc- 
tion of anaesthesia using alfathesin was as- 
sociated with a significant fall in BP (19.6 per 
cent) which, however,  did not exceed 20 mm Hg 
before administration of fentanyl, but decreased 
further after the addition of fentanyl. There was 
no increase in blood pressure following tracheal 
intubation in any group. Cardiac indices (Figure 
2) decreased only slightly during the initial stage 
of  induction. Following fentanyl, cardiac indices 
fell significantly compared with the control val- 
ues in the awake patients, the lowest CI values 
being measured in the alfathesin/fentanyl group 
(2.25 I/min. m z, = -33 .2  percent) .  

In contrast to alfathesin and thiopentone (both 
agents increased heart rate by about 10 
beats/min), etomidate failed to alter heart rate 
s ign i f i can t ly  (F igu re  3). A d d i t i o n  o f  f e n t a n y l  de-  

creased heart rate in all groups. No stimulating 
effect o f  the intubation procedure was observed. 
Due to their influence on heart rate, thiopentone 
and alfathesin reduced stroke index more than 
etomidate (Figure 3). Arrhythmias or additional 
ischaemic electrocardiographic changes did not 
Occur. 

None of  the three induction agents exerted 
major effects on mean pulmonary artery pressure 
or on left and right ventricular filling pressure 
(Figure 4). The increase in right atrial pressure 
following intubation was due to the mechanical 
effects of artificial ventilation. 

Total peripheral resistance (Figure 5) remained 
largely unaffected in all three groups. Alfathesin 
and etomidate caused moderate biphasic changes 
in pulmonary vascular resistance (Figure 5) 
which returned to the control values within the 
observation period. Only small changes of  the 
PVR occurred in the thiopentone group. 

Left ventricular stroke work index (Figure 6) 
decreased slightly following induction of anaes- 
thesia using etomidate/fentanyl and thiopen- 
tone/fentanyl (5.6 per cent and 16.9 per cent, 
respectively). Alfathesin/fentanyl was associated 
with a 49.6 per cent fall in LVSWl.  Right yen- 
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FIGURE l Changes in systolic and diastolic arterial 
pressure (means + SEM) during induction of anaes- 
thesia with etomidateffentanyl (n = 8), alfathesin/fen- 
tanyl (n = 8) and thiopentone/fentanyl (n = 8). C = 
controls (awake patients). SR = spontaneous respira- 
tion; CR = controlled ventilation. *P < 0.05, **P < 
0.01 (compared with control value). *P < 0.05 (post- 
intubation value was compared with the pre-intubation 
value obtained at the fifth minute). 
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FIGURE 2 Changes in mean arterial pressure and 
cardiac index (means __. SEM) during induction of 
anaesthesia with etomidate/fentanyl (n = 8), alfathe- 
sin/fentanyl (n = 8) and thiopentone/fentanyl (n = 8). 
For abbreviations and symbols, see Figure I. 
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FIGURE 3. Changes in heart rate and stroke index 
(means -I- SEM) during induction of anaesthesia with 
etomidate/fentanyl (n = 8), alfathesin/fentanyl (n = 8) 
and thiopentone/fentanyl (n = 8). For abbreviations 
and symbols,  see Figure I. 
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FIGURE .5 Changes in total peripheral resistance and 
pulmonary vascular  resistance (means + SEM) during 
induction of anaesthesia with etomidateffentanyl (n = 
8), alfathesin/fentanyl (n = 8) and thiopentoneffentanyl 
(n = 8). For abbreviations and symbols,  see Figure I. 
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FIGURE 4 Changes in mean pulmonary artery pres- 
sure, mean pulmonary capillary wedge pressure and 
mean right atrial pressure (means 4- SEM) during in- 
duction of anaesthesia with etomidate/fentanyl (n = 8), 
alfathesinJfentanyl (n = 8) and thiopentoneffentanyl 
(n = 8). For abbreviations and symbols,  see Figure 1. 

LVSWI 
Ig~/m2] 

6 8 -  

5S-  

5 8 -  

4 5 -  

4 8 -  

3 5 -  

3 0 -  

Z5 

I ~R  FIO 2 = 021 I Cn. FI02 = 1,0 

RVSWI 
[g-m/m2] 9 l 

3 o. 

. . . .  'o ;" C O 1 3 5 1 [m,n 

[] Allh~in Qfl? ml Ikg Su• 1,0 mg/kg 
~Thioperllcne 30 mg /kg  Ir,tub3rton 

FIGURE 6. Changes in left and right ventricular 
stroke work index (means _+_ SEM) during induction of 
anaesthesia with etomidate/fentanyl (n = 8), alfathe- 
sinlfentanyl (n = 8) and thiopentone/fentanyl (n = 8). 
For abbreviations and symbols,  see Figure 1. 
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FIGURE 7. Changes in mixed venous oxygen sat- 
uration and in the rate-pressure product (means + 
SEM) during induction of anaesthesia with etomi- 
datelfentanyl (n = 8), alfathesin/fentanyl (n = 8) and 
thiopentone]fentanyl (n = 8). For abbreviations and 
symbols, see Figure I. 
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FmORE 8. Changes of the arterial blood gas values 
(means + SEM) during induction of anaesthesia with 
etomidateffentanyl (n = 8), alfathesin/fentanyl (n = 8) 
and thiopentone/fentanyl (n = 8). For abbreviations 
and symbols, see Figure I. 

tricular stroke work index (Figure 6) was slightly 
reduced in each group. 

Mixed venous oxygen saturations (Figure 7) 
did not change significantly during the initial in- 
duction phase and increased when controlled 
ventilation using 100 per cent oxygen was insti- 
tuted, suggesting an adequate oxygen supply to 
the body as a whole. The heart rate-systolic blood 
pressure product, an indirect index of myocardial 
oxygen consumption, changed only little with 
etomidate and thiopentone before the adminis- 
tration of fentanyl and decreased significantly 
after the addition of fentanyl (20 and 21.7 per 
cent, respectively). Induction of anaesthesia 
using alfathesin/fentanyl reduced myocardial 
oxygen demand by 49 per cent (Figure 7). None of 
the three agents produced changes in carbon 
dioxide tension and Pao2 always exceeded 7.98 
kPa (60 mm Hg). 

D I S C U S S I O N  

Induction of anaesthesia in patients undergoing 
coronary artery bypass operations is a hazardous 
procedure because these patients are less tolerant 
of decreases in coronary artery perfusion pres- 
sure and increases in myocardial oxygen de- 
mand. Since cardiovascular surgery is expand- 

ing, the need for an induction agent which lacks 
cardiovascular side effects is well appreciated. 
Consequently it is useful to consider what effects 
some of the drugs recently recommended as al- 
ternative induction agents may have on important 
determinants of myocardial oxygen supply and 
demand. 

Etomidate is a new non-barbiturate agent dis- 
solved in propylene glycol. Some of the features 
which are important for clinical use include short 
duration of action, lack of analgesic properties 
and freedom from histamine release 9,1~ Prelimi- 
nary reports have suggested cardiovascular sta- 
bility following intravenous administration in 
dogs and in physically fit human volun- 
teers.4'6'7' I I 

The results of this study demonstrate that, in 
patients with severe ischaemic heart disease, 
etomidate produced only small cardiovascular 
effects which are supposed merely to reflect the 
physiological change from the waking to the 
sleeping state. Our data also indicate that addi- 
tion of fentanyl results in small decreases in heart 
rate and a moderate fall in cardiac index. No 
changes in cardiovascular dynamics occurred in 
association with laryngoscopy and tracheal intu- 
bation, which is known frequently to stimulate 
the prime determinants of myocardial oxygen 
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demand by reflex sympathetic discharge. The 
lack of cardiovascular changes during laryngos- 
copy and intubation is supposed to be due mainly 
to the relatively large doses of fentanyl. The lack 
of response to this stimulus may also reflect a fair 
degree of beta adrenergic blockade, although 
propranolol was discontintled 12 to 15 hours be- 
fore the study. Previously reported disadvan- 
tages associated with the use of etomidate, such 
as pain on injection and the occurrence of myo- 
clonia, ~'z were not observed in our study, which is 
probably due to the use of the new solvent prop- 
ylene glycol instead of water and to the use of 
generous premedication in our patients. 

A comparative study of induction agents 
should imply the use of equipotent dosage. While 
potency of inhalation anaesthetics is fairly well 
determined by the MAC values, no convincing 
method of defining the potency of intravenous 
induction drugs has been developed so far. In our 
study, therefore, we used standard clinical doses 
of the anaesthetics investigated. On this basis the 
cardiovascular effects of etomidate and thiopen- 
tone were very similar, except for the small 
increase in heart rate which occurred with 
thiopentone. This finding agrees with that of 
Broadley and Taylor, ': who also found no major 
cardiovascular effects during induction with 
thiopentone 2.5 rag. kg-' in patients undergoing 
cardiac surgery. We could not confirm the results 
of Sonntag, et  al. '~ who described marked in- 
creases in heart rate after thiopentone 4.0 
mg-kg -~ which were associated with highly 
significant decreases in stroke volume and a 55 
per cent rise of myocardial oxygen consumption 
in healthy volunteers. These differences are sup- 
posed to be due to the fact that the majority of our 
patients were pretreated with 13-receptor block- 
ing agents and digitalis and that all were premedi- 
catcd. 

lnduction of anaesthesia with alfathesin caused 
relatively marked haemodynamic pertubations, 
producing a more pronounced fall in mean arte- 
rial pressure (19.6 per cent), cardiac index ( 14 per 
cent) and stroke index (23 per cent) than was 
observed with etomidate or thiopentone. Al- 
though the control haemodynamic data for each 
group are comparable, the historical data pre- 
sented do not exclude the possibility that the al- 
fathesin group had poorer ventricular function 
(more patients with decreased ejection fraction 
and documented dyskinesia), which may have 
contributed to our findings. In general, the results 
of our study agree with those of others tzAa-'17 who 
studied the effects of comparable doses of al- 

fathesin in patients with cardiac pathology. The 
addition of fentanyl produced further cardiovas- 
cular depression but, on the other hand, probably 
helped to prevent an increase in myocardial oxy- 
gen demand during laryngoscopy and tracheal 
intubation, as observed by Campbell, et  a l . ,  ~4 

Savege, et  al .  ~8 and Prys-Roberts, e t a ] . ,  ~9 who 
have used alfathesin as the sole induction agent. 

Our findings differ from those of Sonntag, et  

a l . ,  :~ who observed a 21 per cent increase in 
cardiac index and a 50 per cent increase in 
myocardial oxygen consumption as a conse- 
quence of increased heart rate after alfathesin 
0.075 ml-kg -t .  They concluded that the drug is 
contraindicated in patients with impaired coro- 
nary blood flow reserve. However, it should be 
noted that the patients in those studies were 
healthy young volunteers who had received no 
premedication or any other drugs, such as 13- 
receptor blockers. 

In conclusion, our study shows that either 
thiopentone or etomidate with fentanyl were ac- 
ceptably safe in cardiac patients while alfathe- 
sin/fentanyl appeared to be more detrimental to 
the circulation. 
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RI~su M[~ 

Chez 24 patients devant subir un pontage aorlo-coronafien, on a utilis~ apr~s pr~m~dication 
(m~p~ddine I rag- kg -I, prom~thazine 0.5-1 mg.kg - Ie t  atropine 5-10 pg.kg -I 90 minutes 
auparavant), comme agent d'induction l'~thomidate (0.3 mg.kg-~), ]'alfath~sin r 
ml, kg -~) ou le thiopental (3 rag. kg-I), en association avec le fentanyl. Une dtude hdmo- 
dynamique ddtaillde a did effectude. Elle incluait les mesures des pressions art~fielle sys- 
tolique, auriculaire droite, pulmonaire et pulmonaire bloqu~e, de la frrqucnce et du drbit 
cardiaque, ainsi clue du monitoring de la drrivation V5 de I'ECG. On a effeetud ces mesures 
chez le patient 6veill~. puis une, trois et cinq minutes apr~s l'induction de I'anesth~sie. Apr~s 
une dose de fentanyl (0.01 mg.kg -1) et de succinylcholine (I rag. kg-I), on a proc~d6 ~. 
I'intubation et une nouvelle srrie de mesures a &~' effectu~e cinq minutes plus tard. 

Une stabilit~ cardiovasculaire remarquable a ~tr observ~e dans les inductions avec le 
nouvel agent non barbiturique ~tomidate. On n'a observ6 aucun changement majeur de la 
frdquence cardlaque, des pressions de remplissage droite et gauche, ainsi que de la rrsistance 
pdriphrrique. Apr~s addition de fentanyl, on a constat~ un ralenlissment I~ger de la frrquence 
et du d~bit cardiaque, ainsi qu'une diminution significative du produit fr~quence pression. 

Les effets cardiovasculaires du thiopental dtaient tr/~s similaires h ceux de I'dtonlidate si ce 
n'est d'une [rg,~ re augmentation de la frrque nee cardiaque apr~s I'injection de ce barbiturique. 
Quant h I'alfathrsin, i la caus6 une chute significative de la pression artrrielle, de I'index 
cardiaque el de I'index d'~jection, avec une augmentation de la frdquence cardiaque. Le 
produit fr~quence-pression demeurait inchangd. L'addition de fentanyl contribuait b. diminuer 
davantage la pression artrrielle et I'index cardiaque. 

Aucune des trois mdthodes 6tudides n'a 6t6 associre avec une stimulation cardiovasculaire 
durant la laryngoscopie et I'intubation. Nos travaux suggbrent que 1'rthomidate ou le 
thiopental associrs au fcntanyl sont acceptablcs au point de rue sEcurit6 des cardiaques, alors 
que I'alfath~sin avec le fentanyl semble affecter davantage la circulation. 




