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High-dose fentanyl 
for rapid induction of 
anaesthesia in 
patients with 
coronary artery 
disease 

Nine premedicated patients, chronically maintained on 
beta-adrenergic blocking agents and demonstrating good 
ventricular function without significant valvular or left 
main coronary artery disease, were investigated to 
determine their haemodynamic responses to rapid induc- 
tion of anaesthesia and tracheal intubation during elec- 
tive coronary artery bypass surgery. Fentany150 Ixg.kg- t 

and pancuronium O. 15 mg.kg -j were administered intra- 
venously over 20 seconds followed by tracheal intubation 
90 seconds thereafter. The rapid sequence of anaesthetic 
induction and tracheal intubation was well tolerated by 

all patients. Though statistically significant changes were 
detected in heart rate, pulmonary capillary wedge pres- 
sure and systemic vascular resistance, these changes 
were small and not considered clinically significant and 
no signs of ischaemia were detected on the ECG. The 
present study demonstrates that high-dose fentanyl is 
capable of inducing anaesthesia rapidly and protecting 
against the haemodynamic changes associated with 
tracheal intubation. 
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High-dose narcotic anaesthesia, particularly using 
the synthetic drug fentanyl or one of its congeners, 
has become a popular anaesthetic technique for 
cardiac surgery, purportedly because of the greater 
haemodynamic stability it confers. Because some 
patients with coronary artery disease may be at 
increased risk of pulmonary aspiration during the 
induction of anaesthesia (i.e., full stomach, oeso- 
phageal reflux), we investigated the use of high- 
dose fentanyl for rapid induction of anaesthesia. 

Recent work utililizing a slow intravenous infu- 
sion of fentanyl 8.6 ixg.kg -m, has demonstrated a 
significant time lag between peak fentanyl concen- 
tration in plasma and maximal changes in the elec- 
troencephalograph (EEG). I The use of larger doses 
given rapidly might be expected to speed the onset 
of fentanyl's actions. We have previously observed 
unconsciousness and abrupt slowing of the EEG 
(delta waves) characteristic of fentanyl anaesthesia 
within 30 seconds of an IV bolus of fentanyl 
50 i~g.kg-l. 2 In another clinical study, however, 
hypertension occurred in response to laryngoscopy 
and tracheal intubation after a fentanyl dose of 
50 txg'kg -1 injected in 60 seconds. 3 

The present study was designed to assess the 
efficacy of fentanyl in rapidly inducing anaesthesia 
and obtunding haemodynamic responses to intuba- 
t i on .  

Methods 
Following institutional approval and after obtaining 
informed consent, nine patients maintained on 
chronic beta-adrenergic receptor blocker therapy 
and scheduled for elective coronary artery bypass 
(CABG) surgery, were studied. Patients with left 
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TABLE I Patient characteristics 
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PATIENT AGE SEX W'I". ASSOCIATED MEDICATIONS EJECTION CABG 
(yr.) (kgl CONDITIONS (Daily dose in mgl FRACTION (Vessels grahed) 

1 6 0  M 8 3  - hype r tens ion  - propranolo l  120  0 . 6 0  4 
- top ica l  n i t rog lycer in  
- oh lo r tha l i done  100 

2 63  F 9 3  - hyper tens ion  - nadolo l  4 0  0 . 6 5  3 
- chron ic  b ronch i t i s  - n i fed ip ine  3 0  
- obes i ty  - top ica l  n i t rog lycer in  
- h ia tus  hern ia - t r i amte rene  5 0  

- hydroch lo ro th iaz ide  25  
- c ime t id ine  9 0 0  

3 54  M 8 9  hyper tens ion  nadolo l  8 0  0 . 6 5  3 
- n i fed ip ine  4 0  
- d igox in  0 . 2 5  
- furosennide 4 0  

4 58  M 8 6  - pept ic  u lcer  - t imo lo l  2 0  0 . 6 5  5 
- p roca inamide  1 0 0 0  

5 4 7  F 7 9  - hyper tens ion  - propranolo l  160  0 . 5 0  3 
- n i fed ip ine  6 0  
- top ica l  n i t rog lycer in  
- t r i amte rene  50  
- hydroch lo ro th iaz ide  25  

6 67  M 8 4  - hyper tens ion  a teno lo l  5 0  0 . 6 5  3 
- d i l t iazem 2 4 0  
- isosorb ide d in i t ra te  4 0  
- top ica l  n i t rog lycer in  

7 4 4  M 9 9  - obes i ty  - propranolo l  8 0  0 . 6 5  2 
h ia tus  hern ia  - d i l t iazem 2 4 0  

- topical n i t rog lycer in  

8 55  M 9 7  - obes i ty  - propranolo l  8 0  0 , 6 0  4 
b ronch iec tas is  

9 5 0  M 7 0  - none  - propranolo l  8 0  0 . 5 5  1 

main coronary artery disease, an ejection fraction 
less than 0.5, or significant valvular heart disease 
were excluded. All patients displayed sinus rhythm 
on their electrocardiogram (ECG). On the morning 
of surgery, all patients received their usual anti- 
anginal medications, including beta-blockers, one 
to four hours preoperatively (Table I). Premedica- 
tion consisting of morphine 0.15mg.kg -~ and 
scopolamine 51~g'kg -t IM and diazepam 0.15 
mg.kg -~ PO was administered 90 minutes prior to 
surgery. A radial artery cannula, two large bore IV 
cannulae, and a pulmonary artery catheter were 
inserted percutaneously under local anaesthesia and 
prior to induction of general anaesthesia. ECG leads 
II and V5 were displayed continuously on an 
oscilloscope throughout the study period and were 
simultaneously recorded, along with systemic 
and pulmonary artery pressures, on a calibrated 
Hewlett-Packard strip chart recorder running con- 
tinuously throughout the study period at a speed of 
5 mm/sec. Following administration of lactated 
Ringer's solution to produce a pulmonary capillary 
wedge pressure (PCWP) of at least 10 mmHg and 
after five minutes with the patient breathing 100 per 

cent oxygen by mask, fentanyl 50~g.kg -j  and 
pancuronium 0.15 mg-kg -l were simultaneously 
administered intravenously over 20 seconds. 

Heart rate (HR), cardiac output (CO), mean 
arterial (MAP), central venous (CVP) and pulmo- 
nary arterial (PAP) and pulmonary capillary wedge 
pressures (PCWP) were obtained and cardiac index 
(CI) and systemic vascular resistance (SVR) were 
calculated. Control (C) haemodynamic measure- 
ments were obtained prior to oxygenation and 
1 min, 3 min, and 5 min following fentanyl admin- 
istration. Patients were intubated 90 seconds after 
the completion of fentanyl administration. Hyper- 
tension (increase in MAP 25% > C) was treated 
with thiopentone 100rag, and hypotension (de- 
crease in MAP 25% < C) was treated with 
ephedrine 5 mg intravenously. After the study, 
anaesthesia was maintained at the anaesthetist's 
discretion and included diazepam, fentanyl, and 
enflurane or isoflurane. Results are presented as the 
mean --- SEM. Data were analyzed by two-way 
analysis of variance; p < 0.05 was considered 
significant. 
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TABLE I1 Haemodynamic variables before and after fentanyl* 

HRw CI MAP SVR +, PCWPw 
bpm L'min -I'm -2 mraHg dyne.sr ~ mndtg 
(range) (range) (rangeJ (range) (range) 

Control 57 -+ 3 2.6 -+ 0.2 85 --- 3 1209 -+ 78 12 +- 1 
(45-76) (1.7-3.5) (68-95) (903-1511 ) ( I 0-16) 

1 rain 65 • 3 2.8 • 0.2 79 • 4 1062 - 88 12 • 1 
(50-78) (1.8-4.2) (63-103) (706-1455) (9-14) 

1.5 rain (Intubalion) 

3 rain 66 • 3 2.9 • 0.2 78 _+ 3 1021 • 86 I I z I 
(55-81) ( 1.9-3.8) (60-92) (723-1400) (8-14) 

5 rain 66 -+ 3 2.9 • 0.2 77 • 4 999 • 72 10 • 1 
(55-84) (2.0-3.6) (56-90) (789-1470) (7-13) 

*Values are raeans -- SEM. Data analyzed by two-way analysis of variance. ?p < 0.05; 
w < 0.01 

Results 
In all patients, loss of responsiveness to voice 
occurred at 30 • 15 seconds following fentanyl 
administration. Laryngoscopy and intubation com- 
menced 90 seconds following completion of fen- 
tanyl administration and was accomplished within 
30 seconds. Intubating conditions were considered 
good. No patient had recall of intubation or any 
intraoperative event. 

There was no statistically significant change in 
the mean group values for CI or MAP, but two 
patients (patient 2 and patient 5) had a transient 30 
per cent decrease in MAP. The systolic blood 
pressure remained greater than 95 mmHg in both 
patients and treatment was not required. Statistical- 
ly significant changes were found in HR, PCWP, 
and SVR (Table I1). In three patients HR increased 
by more than 30 per cent from control (patient 1: 64 
to 84; patient 4 :45 to 57; patient 7:47 to 71) but no 
patient developed a HR greater than 85 or less than 
50 and no arrhythmias or ST-T wave changes 
occurred during the study period. The SVR re- 
mained within 700-1500 dyne.sec.cm -5 in all pa- 
tients, and in two patients (patient 2 and patient 8) 
the CI decreased by less than 15 per cent from the 
control values. None of these changes were felt to 
be clinically important, and they did not require any 
intervention. 

Discussion 
A 50 I~g-kg -I dose of fentanyl administered intra- 
venously in 20 seconds has previously been shown 

to reliably produce plasma fentanyl concentrations 
in excess of 20ng-ml -~ for up to seven to eight 
minutes and results in the rapid production of 
unconsciousness (i.e., loss of response to com- 
mands) and EEG slowing, z Patients were not 
intubated during that study, however, thus their 
haemodynamic responses to the stresses of laryn- 
goscopy and intubation were not assessed. 

By administering fentanyl as a slow infusion, 
Scott et  al .  J demonstrated a delay in the onset of 
fentanyl's effect on the EEG. In contrast, with rapid 
administration of high doses of fentanyl, anaes- 
thetic conditions were produced within 90 seconds 
in our patients. Becase of its high lipid solubility, if 
tissue perfusion remains constant then diffusion of 
fentanyl into the brain is primarily determined 
by the plasma/tissue concentration gradient. 4 The 
rapid production of transiently high plasma fentanyl 
concentrations (in excess of 1200 ng.ml -I)  that is 
achieved with the high-dose bolus technique, 2 
produces a very large concentration gradient for 
diffusion of fentanyl into the brain. These high 
plasma concentrations produce a rapid accumula- 
tion of fentanyl in brain and cause a rapid onset 
of anaesthesia. ] '5 Maximum brain concentrations 
have been reported to occur in rabbits within 30 
seconds after intravenous injection of fentanyl 
20 I.~g'kg- I. 6 

All patients in this study tolerated the rapid 
sequence of anaesthetic induction and tracheal 
intubation without problem. Though not describing 
a rapid sequence induction technique, Sprigge et  a l ,  
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observed similar haemodynamic stability during 
induction and intubation in a group of patients 
receiving fentanyl 501xg'kg -~ and pancuronium 
0.15 mg.kg- x for induction of anaesthesia.7 Though 
blood pressure, PCWP, CI and SVR did not change 
significantly, they did observe a statistically sig- 
nificant increase in heart rate of approximately 15 
per cent following induction, and 25 per cent 
following intubation, slightly greater than the in- 
creases in HR of 10 and 15 per cent observed in our 
study at similar times. This study differed from ours 
however in that their rate of administration of 
fentanyl was l ing ' rain -~ versus our rate of 
50~g.kg -~ over 20 seconds. Similarly, in their 
study 1 to 2mg of pancuronium preceded the 
administration of fentanyl and was followed by the 
remainder of the 0.15 mg-kg -~ total dose of pan- 
curonium upon loss of consciousness, whereas in 
our study the total dosages of both fentanyl and pan- 
curonium were administered concomitantly over 20 
seconds. The patients of Sprigge e t  a l .  also had a 
slightly higher control heart rate of 62 ~ 2 versus 57 
--- 3 in our patients, presumably because only eight 
of ten of their patients were chronically maintained 
on beta-adrenergic receptor blockers. The higher 
incidence of hypertension observed by Kentor et  

al .  3 may be due to several factors: slower fentanyl 
administration producing lower peak fentanyl con- 
centrations in plasma and brain, delayed adminis- 
tration of relaxants leading to hypercarbia with 
secondary sympatho-adrenal stimulation, possibly 
absent or inadequate beta-adrenergic receptor 
blockade and a greater interval between fentanyl 
administration and intubation (approximately 6.5 
min) allowing fentanyl concentrations to decline. 
Higher plasma fentanyl concentrations generally 
produce greater haemodynamic stability 7 and fen- 
tanyl appears to more directly antagonize the 
chronotropic effects of pancuronium when the two 
drugs are administered concomitantly. In A.S.A. 
physical status class I-I! patients who had not 
received preoperative beta-adrenergic receptor 
blockers and who were anaesthetized with a combi- 
nation of meperidine-diazepam, administration of 
pancuronium in a dosage of twice its ED95 produced 
a mean increase in heart rate of greater than 20 per 
cent. 8 A different group of investigators, however, 
found this same dose of pancuronium when utilized 
with fentanyl in a balanced anaesthetic technique 
produced a heart rate rise of more than 20 per cent 

above control values in only two of ten patients and 
it was promptly reversed with additional fentanyl 
100-150 ~g.9 

Because of the propensity of narcotics, particu- 
larly fentanyl, to produce a centrally mediated 
reduction in heart rate, 1~ we elected to use pan- 
curonium, a muscle relaxant with vagolytic proper- 
ties, ~t in a dosage (twice the ED9s ) shown to 
reliably produce rapid onset of muscular paraly- 
sis, a'9 in order to antagonize the fentanyl-induced 
vagotonia. Succinylcholine was avoided as it would 
not prevent and might even exacerbate the brady- 
cardia that is produced when fentanyl is ad- 
ministered rapidly and in a large dosage to these 
patients with a high degree of pre-existing beta- 
receptor blockade. 12 No difference in the heart rate 
response to an ED95 dosage of either pancuronium 
or a pancuronium-metocurine combination was 
found when these drugs were administered to pa- 
tients receiving chronic propranolol therapy and 
undergoing CABG surgery. J3 Patients receiving the 
pancuronium-metocurine combination did have a 
lower MAP and SVR compared to the pancuronium 
treated group however, and it was this potential for 
hypotension that mitigated against using this com- 
bination of relaxants for rapid administration in our 
study. It has also been demonstrated that occurrence 
of maximum neuromuscular blockade is more rapid 
when using an intubating dosage of pancuronium 
(twice the ED9s) as opposed to a comparable dosage 
of the pancuronium-metocurine combination; 1.8 
verus 2.6 minutes, respectively, s 

The patients in the current study were all main- 
tained on chronic beta-adrenergic receptor blocker 
therapy and received their last dose orally between 
one and four hours prior to the induction of 
anaesthesia. We believe the continuation of this 
therapy contributed significantly to their haemo- 
dynamic stability during induction of anaesthesia. 
We have previously observed hyperdynamic re- 
sponses to the rapid induction and intubation 
technique described here in two other patients who 
were not receiving beta-blockers preoperatively. 
Differences in the haemodynamic responses of pa- 
tients chronically maintained with beta-adrenergic 
receptor blocker therapy and those not receiving 
this therapy have been previously reported. ~4,~5 In 
a group of patients undergoing CABG surgery, 
Stanley et  a l .  observed a lesser incidence of 
intraoperative hypertension and the dosage require- 
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ments for narcotic anaesthesia were lower in the 
population maintained on beta-blockers. ~a In pa- 
tients undergoing CABG surgery who received 
propranolol two hours preoperatively versus those 
in whom it was withdrawn 10-48 hours preopera- 
tively, Oka et al. demonstrated a significantly lower 
heart rate-blood pressure product (RPP) both in 
response to intubation and at all other times during 
halothane-N20 anaesthesia. 15 

We have demonstrated that intravenous adminis- 
tration of a 50 ~g 'kg  -1 dose of fentanyl over 20 
seconds is well tolerated and provides rapid induc- 
tion of anaesthesia and stable haemodynamics 
during laryngoscopy and tracheal intubation in 
patients with coronary artery disease who are 
receiving beta-adrenergic receptor blockers. Before 
the technique used in this study can be recom- 
mended for general use in other patients under 
different conditions, it will have to be evaluated 
under a variety of clinical circumstances (e.g., 
hypovolemia, sepsis, poor ventricular function, 
varying degrees of beta-adrenergic receptor block- 
ade). Whether vecuronium, one of the new genera- 
tion of muscle relaxants reported to have lesser. 
cardiovascular side-effects,t6 might prove to be a 
superior relaxant in combination with high doses of 
fentanyl remains to be seen. 
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R 6 s u m 6  

Neuf patients pr~m~diqu~s sous th~rapie chronique aux 

b~ta-bloquants et ddmontrant une bonne fonction ventri- 

culaire sans atteinte valvulaire significative ou atteinte du 
tronc commun ~taient investigu~s afin de d6terminer 
leur r~ponse ht~modynamique ?~ l'induction rapide de 

l'anesthdsie et l'intubation trach~ale durant le pontage 

aortocoronarien ~lectif. Du fentanyl .50 izg.kg -I et du 

pancuronium 0.15 mg.kg -1 ont dtd administrds par vole 
intraveineuse en 20 secondes suivis 90 secondes plus tard 

par l'intubation trach~ale. Cette sdquence rapide d'in- 
duction anesthdsique et d' intubation trach~ale a ~t~ bien 
tol~r~e par tousles  patients. Des changements statis- 
tiquement significatifs ont ~ d~tect~s dans la frdquence 
cardiaque, la pression capillaire pulmonaire et la r~sis- 
tance vasculaire sysMmique. Cependant ces change- 

ments ~taient minimes et considdr~s comme non clinique- 

ment significarifs car aucun signe d'isch~mie n'~tait 
d~tectd d l'dlectrocardiogramme. La pr~sente dtude 
d~montre que de fortes doses de fentanyl ~taient capables 

d'induire l'anesth~sie rapidemem et de prot~ger contre 

les changements h~modynamiques a~'soci~s d l' intubation 
trachdale. 


