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HIGH DOSES OF FENTANYL (50-- 100 pg" kg-~) plus 
oxygen have recently been described as an at- 
tractive anaesthetic technique in patients with 
mitral valvular disease undergoing mitral valve 
replacement operations. ~ Fentanyl-oxygen an- 
aesthesia is also being used in patients for coro- 
nary artery bypass operations. The cardiovas- 
cular and hormonal effects of fentanyl as a "com- 
plete" anaesthetic have not been carefully 
studied during anaesthesia and coronary artery 
operation, In this study we measured the car- 
diovascular and anti-diuretic hormone responses 
to anaesthetic doses of featanyl and oxygen be- 
fore and during operation in 14 patients undergo- 
ing coronary artery revascularization proce- 
dures. 

METHODS 

Fentanyl-oxygen is considered a standard 
anaesthetic technique at the University of Utah 
Medical Center; therefore, informed consent to 
perform the study was only required for drawing 
of blood samples. Informed written consent was 
obtained from each of the patients at the time of 
the pre-anaesthetic visit. Patients included in the 
study were ASA class III and scheduled to 
undergo elective coronary artery revasculariza- 
tion operations. The patients were unselected 
with respect to preoperative cardiovascular 
dynamics but all happened to have resting cardiac 
output greater than 4 I/rain. None had evidence 
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of significant hepatic, renal, pulmonary or cen- 
t,'al nervous system pathology. 

All patients were premeditated with pen- 
tobaritone (60--100 me:,) and atropine (0.3-0.5 mg) 
intramuscularly, 90 minutes before the scheduled 
operation. Prior to anaesthesia an intravenous 
line was established in an upper extremity, a 
central venous pressure catheter was placed per- 
cutaneously into the right atrium from the an- 
tecubital fossa or the neck and a radial or brachial 
artery catheter was inserted percutaneously and 
threaded 30 to 72cm into the central aorta. The 
aortic pressure catheter was attached through an 
arterial pressure transducer to a central digital 
computer substation in the operating room. After 
appropriate dye dilution calibration as previously 
described, 2 Warner's method of analyzing the 
central aortic pulse-pressure curve was used to 
determine cardiac output (QT), heart rate (HR), 
stroke volume (SV), mean arterial blood pressure 
(BP), and peripheral arterial resistance (PVR). 2 

Following a 15-minute period of breathing pure 
oxygen a 10ml sample of venous blood was ob- 
tained for antidiuretic hormone (ADH) assay and 
SV, HR, Q'r, B'-'P and PVR were determined. 
Fentanyl was then administered intravenously, 
first at 50 to 100pg/min for the first five minutes 
and then at 3001.tg]min, until the patients were 
unresponsive to verbal command and pinprick 
stimulation of the chest. Respiration was first 
assisted, and then controlled. Succinylcholine 
(1.5 mg- kg -t , intravenously) was then given, the 
trachea was intubated and respiration was con- 
trolled to maintain Paco=, between 3.99 and 
4.66kPa (30 and 35 torr) as measured in aortic 
blood every 15-30 minutes. Additional fentanyl 
was administered at a rate of 150 to 200pg/min, 
until each patient had received 60pg. kg -I. Fol- 
lowing this, the surgical procedure began. Addi- 
tional blood samples were obtained for ADH 
assay and cardiovascular dynamics were re- 
corded after each 10pg" kg -I of fentanyl, before 
and two minutes after tracheal intubation, before 
and five minutes after initiation of operation and 
before and 15 and 60 minutes after beginning car- 
diopolmonary bypass. 
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TABLE I 

CARDIOVASCULAR AND ANTIDIURETIC HORMONE RESPONSES DURING FE~TANYL-OxYG~N ANAESTHESIA 
AND OPERATION (MEAN -I- SD) 
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Fentanyl tag �9 kg-  t 
Surgical Before Bypass (min) 

Control 20 intubation 40 60 stimulation bypass 15 60 

Heart rate 68 59* 59* 60* 60* 58* 60* - -  - -  
(beats/min) + 9  _+6 _+7 -+7 -+g -+7 _+8 

Stroke volume 66 72 71 72 70 71 70 - -  - -  
(ml) +10 _+11 -+9 -+11 _+10 _+11 _+11 

Cardiac output 4.5 4.3 4.2 4.4 4.3 4.3 4.2 4.3 4.4 
(1 min) _+0.4 _+0.5 +0 .6  + 0 . 6  -+0.5 + 0 . 6  _+0.5 +_0.7 -+0.7 

Mean blood pressure 108 99* 98* 99* 98* 99* 100' 72+ 78"[" 
(tort) 4-10 _.+9 _.+9 -+9 +-9 4-10 4-10 +14 •  

Peripheral vascular 25.2 24.0 23.9 23.9 24.1 24.3 24.6 - -  - -  
resistance (PRU) +2 .3  _+1.7 -+1.9 -+1.8 _+1.9 _+1.8 +1 .7  

Antidiuretic hormone 5 4 4 5 5 6 4 35+ 47+ 
(pg/ml) _+2 +2  -+2 -+2 _+2 _+3 -+2 _+6 +8  

*P < 0.05. 
l'P < 0.01, Student's paired t-test when compared to control values. 

P lasma  A D H  was assayed  by the radioim- 
munoas say  technique of  Philbin and co- 
w o r k e r s )  During operation increments  o f  pan- 
curon ium 1 to 3 mg were given in t ravenously  as 
necessary .  Additional fentanyl was  administered 
at a rate o f  300rig/rain whenever  B--~, H R  or  0 T  
increased 15 per cent  or  more  above pre- 
anaes thet ic  (control) values.  

Postoperat ively patients  had their  respiration 
controlled until consc iousness  re turned.  Two 
hours  after return o f  consc iousness  they were 
placed on a T-piece apparatus  with 40 per cent  
inspired oxygen  and allowed to breathe spon-  
taneously .  When  patients  could susta in  Pace2 o f  
less than 5 .32kPa (40torr) and a Pao~ of  more  
than 13.3 kPa (100 tort) for one  hour ,  had a re- 
spiratory rate above 12 and could generate  a 
negative inspiratory pressm'e  of  2.66 kPa (20 to r0  
or greater ,  they  were extubated.  

Data were analyzed for statistical significance 
using S tuden t ' s  paired t-test for compar ison  to 
control (pre-fentanly) values.  

RESU LTS 

Unrespons iveness  was produced by an aver-  
age of  1659 pg (25 pg- kg -1) o f  fentanyl .  Patients 
received an average  of  4640pg (71 pg. kg ~1) o f  
fentanyl for the entire operat ion.  Fentanyl  
(201~g" kg -1) produced a small but  significant re- 
duction o f  HR and B-P but  did not significantly 
change SV, 0T ,  or  PVR (Table I). Additional 

fentanyl did not  fur ther  alter HR or ~ no]" 
change any other  variable measured .  

Nei ther  intubation nor  surgical s t imulat ion 
significantly altered any cardiovascular  variable 
measured .  Card ioputmonary  bypass  was asso-  
ciated with a lower B-P but  no change  in (~T when 
compared  to pre-anaesthet ic  control  values.  

P lasma A D H  was  not  significantly changed 
from pre-anaesthet ic  values  by any  dose o f  fen- 
tanyl,  tracheal intubation or  surgical s t imulalion 
(Table I). Both 15 and 60 minutes  o f  cardiopul-  
monary  bypass  produced significant increases  in 
plasma ADH.  No patient remembered  any  aspect  
o f  the operation nor exper ienced an increase o f  
BP or HR greater  than  20 per cent  o f  control 
(pre-anaesthesia)  values at any t ime during or 
immediate ly  after operation.  Successful  tracheal 
extubat ion was accompl ished in all patients  an 
average o f  5.1 4- ! .8 hours  (range 3 to 9 hours)  
after operation without the need o f  narcotic an- 
tagonists .  

DISCUSSION 

This  s tudy demons t r a t e s  tha! larges doses  of  
fentanyl are capable o f  producing complete  
anaes thes ia  and minimal changes  in cardiovas-  
cular dynamics  in patients  with coronary  artery 
disease.  It also indicates that high-dose fentanyl 
anaes thes ia  blocks the  increases  in p lasma an- 
tidiuretic ho rmone ,  arterial blood pressure  and 
heart  rate which are so c o m m o n  with morphine  
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and other anaesthetic techniques during tracheal 
intubation and surgical stimulation in patients 
with coronary artery disease. Our findings sug- 
gest that fentanyl-oxygen anaesthesia is an at- 
tractive technique in patients with coronary ar- 
tery disease. 

The metabolic response to trauma, shock, and 
surgical stress generally produces increases in 
circulating blood levels of glucocorticoids, 
aldosterone, adrenocorticotropic hormone 
(ACTH), antidiuretic hormone, human growth 
hormone, and catecholamines (epinephrine and 
norepinephrine), thyroid hormone, glucose, free 
fatty acids and lactate. 4 Most general anaesthetic 
techniques, while frequently altering or modify- 
ing metabolic responses to surgical trauma, do 
not prevent these changes. Whether alteration or 
blockade of the stress response to surgery is ad- 
vantageous or not is a debatable point. Certainly 
there are patients with markedly impaired 
preoperative myocardial dynamics who depend 
on elevated circulating levels of epinephrine 
and/or norepinepbrine to maintain circulatory 
integrity, such as patients with severe mitral 
stenosis and markedly reduced cardiac output. 5"6 
Increased plasma levels of the catecholamines 
and perhaps other compounds, secondary to 
operative stress, may be of benefit to these pa- 
tients. On the other hand, increased plasma con- 
centrations of the catecholamines and the other 
stress responding endocrines and compounds 
and the secondary haemodynamic and metabolic 
changes they produce can be detrimental to pa- 
tients with other pathological processes, such as 
ischaemic heart disease. 

Patients with coronary artery disease suffer 
f r o m  an u n b a l a n c i n g  o f  the  m y o c a r d i a l  b lood flow 
(oxygen) requirement to supply ratio. 7 Increases 
of heart rate, arterial blood pressure, myocardial 
contractility, ventiicular filling pressures and 
pulmonary and systematic vascular resistances 
further unbalance the ratio and can not only lead 
to more marked ischaemia and angina, but to 
myocardial infarction as well. TM It is therefore 
important to avoid anaesthetic techniques which 
produce cardiovascular stimulation in patients 
with coronary artery disease. Indeed, there is 
evidence that mild decreases in arterial blood 
pressure and heart rate may be beneficial to these 
patients. 9.~~ 

This study demonstrates that large doses of 
fentanyl produce mild decreases of heart rate and 
arterial blood pressure but do not significantly 
alter cardiac output. Plasma ADH, the stress re- 
sponding hormone we were able to measure in 

this study, was not changed by fentanyl. Fur- 
thermore, tracheal intubation and surgical 
stimulation, stressful actions which frequently 
provoke significant increases in heart rate and 
arterial blood pressure H as well as ADH '~ and 
other stress responding hormones, did not 
significantly alter either the cardiovascular vari- 
ables measured or plasma ADH. This suggests 
that the patients were deeply anaesthetized. 
When questioned postoperatively, no patient ex- 
perienced pain during operation or remembered 
any aspect of tracheal intubation or operation, 
confirming the adequacy of the anaesthesia pro- 
duced by fentanyl. 

Investigations in this laboratory ~a and others ~4 
have demonstrated that large doses of morphine 
(0.5 to 3 rag. kg -I) as the sole anaesthetic plus 
oxygen also produce minimal reductions in heart 
rate and arterial blood pressure and do not alter 
cardiac output in patients with coronary artery 
disease. Unfortunately, these doses of morphine 
frequently produce incomplete anaesthesia ~ 
and, even more troublesome, do not always block 
surgically induced increases in arterial blood 
pressure, heart rate and plasma ADH in patients 
with coronary artery disease.H'16 Larger doses of 
morphine (8-11 mg-kg-')  will prevent surgical 
stimulation of the cardiovascular system but will 
necessitate the administration of significantly 
greater amounts of blood or other colloids and 
may produce prolonged respiratory depres- 
sion. ~7'6 Indeed, respiratory depression pre- 
venting tracheal extubation has been observed to 
last as long as 32 hours after operation following 
morphine anaesthesia and averages two to three 
hours longer in patients with coronary artery dis- 
ease receiving morphine (8-11 me. kg -1) than 
comparable amounts of fentanyl as in this study. 
Use of the potent inhalation agent enfiurane can 
prevent stimulation of the cardiovascular system 
and increases of ADH during operalion but is 
associated with significant decreases in arterial 
blood pressure and cardiac output. ,9 

Plasma ADH was significantly inca'eased dur- 
ing cardiopulmonary bypass in this study, Similar 
increases have been reported during bypass by 
Philbin and Coggins 12 and by Wu and Zbuzkova* 
using a different technique. However, in both 
those studies plasma ADH increased initially 
with surgical stress before bypass. While the 
exact mechanism producing increase of plasma 
ADH during bypass is unknown, it has been 

*Wu, W., AND ZIBUZKOWA, V. Vasopressin levels 
during cardiac surgery. A.S.A. Abstracts of  Scientific 
Papers, p. 585 (1977). 
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shown that addition of blood to the normal crys- 
talloid (lactated Ringer's) priming volume of the 
extracorporeal circuit and rewarming during ex- 
tracorporeal circulation does not prevent these 
changes, t2 It has been suggested that introduc- 
tion of the unphysiological state of cardiopulmo- 
nary bypass produces a marked stress response 
which results in an outpouring of ADH. 1= Our 
data are consistent with this suggestion. Fur- 
thermore, our findings indicate that the stress 
response to cardiopulmonary bypass is sig- 
nificantly greater than that of operation before 
bypass, as the latter can be blocked with high 
doses of fentanyl while the former cannot. I. 

SUMMARY 

This study demonstrates that larges doses of 
fentanyl, as the sole anaesthetic with ventilation 
with oxygen, produces complete anaesthesia and 
minimal changes in cardiovascular dynamics in 
patients with coronary artery disease. It also in- 
dicates that high dose fentanyl anaesthesia blocks 
the increases in plasma anti-diuretic hormone and 
cardiovascular dynamics which are so common 
with morphine and other anaesthetic techniques 
during tracheal intubation and sm'gical stimula- 
tion in patients with coronary artery disease. Our 
findings suggest that fentanyboxygen anaesthesia 
is an attractive technique in patients with coro- 
nary artery disease. 

R#.SUMI~ 

Dans cette 6tude portant sur 14 malades op6r6s 
pour pontage aortocoronarien, les auteurs ont 
mesur6 la r6ponse du syst~me cardiovasculaire 
et de I'hormone antidiur6tique "~ des doses 
anesth6siques de fentanyl (20-801ag" kg-I); les 
observations ont 6t6 faites avant et pendant la 
stimulation chirurgicale et en cours de circulation 
extracorporelle. 

A ces doses de fentanyl, on observe une Mg~re 
augmentation de la frdquence cardiaque et de la 
pression artdrielle moyenne, mats sans modifica- 
tion du volume systolique, du ddbit cardiaque et 
de la rdsistance vasculaire pdriphdrique. Le taux 
plasmatique de I'hormone antidiurdtique n'est 
pas modifi6 de fa~:on significative par le fentanyl, 
quels qu'en soient la dose, l ' incubation, ou le 
stimulus chirurgical, quelle qu'en spit l'intensitg; 
par contre, on note une augmentation significa- 
tire de rADH plasmatique au cours de ia circula- 
tion extracorporelle. 
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Cess donnies montrent que chez le porteur de 
maladie coronarienne, de fortes doses de fentanyl 
assocides ~ de I'oxyg~ne put', produisent une 
anesthdsie complete; on ne note que des effets 
mineurs sur la dynamique cardiovascuhtire et la 
production d'hormone antidiurdtique avant toute 
stimulation chirurgicalr ou pendant celle-ci. Ces 
donndes inclinent ~ penser que la combinaison 
fentanyl-oxyg~ne apparait recommandabie pour 
I'anesth~sie du malade coronarien. 
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