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Dietrich Kettler, M.D.,* Birgit Brockschnieder

The effects of high-dose fentanyl-oxygen anesthesia (100 ug/kg)
on myocardial blood flow (argon washin), myocardial oxygen con-
sumption, myocardial lactate balance, and cardiovascular dynamics
were studied in nine patients undergoing three-vessel coronary ar-
tery bypass operations. All patients had been on maintenance doses
of a beta-receptor blocker (pindolol). Except for pindolol all medi-
cation had been discontinued 48 hours prior to the study. Measure~
ments were performed in the awake state, after 10 pg/kg fentanyl,
after 100 ug/kg fentanyl, and during sternotomy. Moderate doses of
fentanyl (10 ug/kg) produced minimal changes in myocardial blood
flow, myocardial oxygen consumption, and cardiovascular dynamics;
myocardial oxygen balance was well maintained. Large doses of fen-
tanyl (100 pg/kg) produced a 16 per cent decrease in mean aortic
pressure, cardiac index did not change significantly, while stroke
volume index decreased by 23 per cent. Myocardial oxygen con-~
sumption decreased by 14 per cent and myocardial blood flow by
10 per cent. Myocardial lactate production was observed in five pa-
tients, indicating myocardial ischemia. During sternotomy arterial
pressure and heart rate increased 8 per cent and 29 per cent, re-
spectively, resulting in an increase in myocardial work, as reflected
by a 38 per cent increase in myocardial oxygen consumption and by
a 54 per cent increase in myocardial blood flow. Myocardial lactate
production was observed in seven of nine patients. Our data dem-
onstrate that in patients on maintenance doses of beta-receptor block-
ers, large doses of fentanyl as the sole “anesthetic” produce incom-
plete anesthesia and fail to protect the myocardium from ischemia
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due to noxious stimuli during coronary artery surgery. (Key words:
Analgesics: fentanyl. Anesthesia: cardiovascular. Anesthetics, intra-
venous: fentanyl. Heart: blood flow, myocardial; lactate production;
oxygen consumption.)

ANESTHESIA for coronary artery surgery requires control
of those factors known to adversely affect myocardial
oxygen balance. Therefore, anesthetics are employed
which provide sufficient anesthesia to eliminate aware-
ness and sympathetic reflex response to noxious stimuli
while causing minimal impairment of cardiovascular
function. At present, no single anesthetic is available
which accomplishes these requirements in an ideal man-
ner. Rather, most anesthetics have to be supplemented
by various pharmacologic agents, e.g., vasodilators, §-
blockers, vasopressors, or inotropic drugs to protect the
myocardium from ischemia at critical phases during
anesthesia, surgery, and recovery.

High-dose fentanyl-oxygen anesthesia (50-100 pg/
kg) has been reported to produce minimal changes in
cardiovascular dynamics in patients with coronary artery
disease and has been suggested as an alternative to mor-
phine or halothane anesthesia in patients undergoing
coronary artery bypass operations.'~>

We have observed a marked degree of cardiovascular
instability with this anesthetic technique during aorto-
coronary bypass surgery. This study was designed to
investigate in detail the effects of high-dose fentanyl-
oxygen anesthesia on myocardial blood flow, oxygen con-
sumption, and oxygen balance in patients undergoing
coronary artery bypass operations during major anes-
thetic and surgical manipulations.
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Methods

Nine patients with stable angina scheduled for three-
vessel coronary artery bypass surgery, ranging in age
from 43-61 years and in weight from 62-83 kg, were
studied. The study was approved by the Géttingen Uni-
versity Human Subjects Review Committee. Each pa-
tient signed an informed consent at the time of the pre-
operative visit. Seven patients had a history of one
previous myocardial infarction. No patient had a history
of congestive heart failure or valvular heart disease, and
none demonstrated angiographic evidence of pathologic
left ventricular wall motion. In all patients the ejection
fraction was greater than 55 per cent and the pre-an-
giogram left ventricular end-diastolic pressure was less
than 12 mmHg. All patients were on maintenance doses
of the beta-receptor antagonist pindolol§ (15 mg per
day). All medication, with the exception of pindolol, had
been discontinued 48 h prior to operation. The last dose
of pindolol (5 mg) was administered at 10:00 p.M. the
night prior to surgery. All patients were premedicated
with diazepam, 10 mg orally, 90 min before the oper-
ation. Upon arrival in the induction room at 7:45 A.M.,
ECG leads (including Vs) were attached and the follow-
ing catheters were placed under local anesthesia: a Good-
ale-Lubin catheter (7-F, USCI) into the coronary sinus
via the right internal jugular vein (Seldinger technique)
for measurement of myocardial blood flow and with-
drawal of blood samples; a Goodale-Lubin catheter (7-
F, USCI) into the left radial artery (arterial cut-down)
for monitoring arterial blood pressure and for blood sam-
pling (the argon technique requires two gas-tight cath-
eters of same dead space); a Swan-Ganz catheter (Ed-
wards quadruple thermodilution model no. 93 A 131-
7F) into the pulmonary artery via a left antecubital vein
for measurement of pulmonary artery pressure, pul-
monary capillary wedge pressure, right atrial pressure,
and cardiac output; and a polyethylene catheter into the
superior vena cava for infusion of drugs. The position
of all catheters was confirmed by image-intensification
fluoroscopy. Body temperature was monitored with the
thermistor of the Swan-Ganz catheter. ECG and all
pressures were monitored continuously and recorded si-
multaneously on a 10-channel strip chart recorder (Hel-
lige, Freiburg). After a rest period of 20 min, 10 pg/ke
fentanyl was administered at a rate of 200 pg/min. Pa-
tients were breathing 100 per cent oxygen, with respi-
rations assisted using a face mask to maintain Paco, at
36 to 40 mmHg, as confirmed by arterial blood-gas anal-
yses. After 10 ug/kg fentanyl all patients received 0.3
mg/kg etomidate, and 4-6 mg pancuronium. Following
endotracheal intubation controlled ventilation with 100

§ For details of the pharmacokinetics of pindolol sec reference 15.
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per cent Oy was instituted using a volume constant re-
spirator (Engstrém ER 300). Administration of fentanyl
at a rate of 300 ug/min was then continued until each
patient had received 100 pg/kg. Thirty minutes after
completion of fentanyl administration the surgical pro-
cedure began. Muscular paralysis was maintained dur-
ing the operation with 2-mg increments of pancuronium
every 45-60 min. Additional fentanyl was administered
at a rate of 200 pg/min whenever blood pressure and/
or heart rate increased more than 15 per cent above
control values. Severe hypertension, when unresponsive
to additional fentanyl, was controlled with intravenous
nitroglycerin. Apparent awareness during the operation
was also treated with additional fentanyl. Patients who
opened their eyes during the operative procedure also
received 5-10 mg increments of etomidate when fentanyl
did not succeed in producing unconsciousness. Mea-
surements were recorded and blood samples were taken
while the patients were awake (I), after 10 pug/kg of
fentanyl before administration of etomidate and pancu-
ronium and endotracheal intubation (II), after 100 ug/
kg of fentanyl before the operation (III), and during
sternotomy (IV). No pancuronium and etomidate or any
other drug was administered 15 min before and during
the period of data collection.

Measurements in this study included: myocardial
blood flow (MBF), using the argon-washin technique*
(coefficient of variation + 5.1 per cent) with sampling
from the coronary sinus after inhalation of a standard
concentration of argon, cardiac output (CO) by ther-
modilution using the pulmonary artery catheter and a
cardiac output computer (Fischer BN 7206), mean ar-
terial pressure (MAP), mean pulmonary arterial pres-
sure (MPAP), pulmonary capillary wedge pressure
(PCWP) and right atrial pressure (RAP) (Statham P
23 Db). Immediately before and after each measurement
of myocardial blood flow samples were drawn from the
coronary sinus and the radial artery. Samples were an-
alyzed for hemoglobin concentration and oxygen satu-
ration (CO-Oximeter, 282 Instrumentation Lab.), blood
gases (standard electrodes, Radiometer Copenhagen),
lactate (enzymatically, as described by Bergmeyer®; coef-
ficient of variation + 3.9 per cent), and electrolyte con-
centrations (by atom absorption spectrophotometry, Per-
kin Elmer 303).

Derived variables were calculated as follows: coronary
vascular resistance (CVR) as mmHg/(ml:min™'.
100 g™

MDAP — PCWP
MBF

CVR =

where MDAP = mean diastolic arterial pressure.
Cardiac index (CI) was calculated by dividing cardiac
output by the body surface area, and stroke volume index
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(SVI) by dividing cardiac index by heart rate. The heart
rate-pressure product was obtained by multiplication of
heart rate by systolic pressure. Heart rate (HR) was
obtained from the electrocardiogram. Myocardial oxygen
uptake (MVO,) was calculated by multiplication of ar-
terial-coronary sinus blood oxygen content difference by
myocardial blood flow. Blood O; contents were calculated
from measurements of hemoglobin concentration, O, sat-
uration, and O, tension. Lactate uptake and production,
respectively, were calculated by multiplication of arte-
rial-coronary sinus blood lactate difference by myocardial
blood flow.

Statistical analysis of the obtained data was performed
using the Kruskal-Wallis test.5 P < 0.05 was assigned
statistical significance.

Results

Table 1 presents single and mean values of myocardial
variables for all patients. Fentanyl, 10 ug/kg, produced
a slight increase in myocardial blood flow and myocardial
oxygen uptake (P < 0.01), while coronary vascular re-
sistance decreased (P < 0.01). Coronary sinus blood ox-
ygen saturation did not change. Lactate uptake decreased
(P < 0.01).

With additional fentanyl myocardial blood flow and
myocardial oxygen uptake decreased to below control
values (P < 0.01), while coronary vascular resistance in-
creased almost up to control levels (P < 0.01). At the
same time small amounts of lactate were produced by
the myocardium in five patients (? < 0.01).

During sternotomy there was a marked increase in
myocardial blood flow and myocardial oxygen uptake
(P < 0.01) and a marked decrease in coronary vascular
resistance (P < 0.01), while coronary sinus blood oxygen
saturation essentially remained unchanged. Myocardial
lactate production was observed in seven patients (P
< 0.01).

Mean values of hemodynamic variables and blood
gases are presented in table 2. Fentanyl, 10 ug/kg, pro-
duced a minimal increase in heart rate (P < 0.01) and
a significant reduction in arterial pressure (P < 0.01).
Cardiac index did not change significantly, while stroke
volume index was reduced (P < 0.01).

With 100 ug/kg fentanyl changes in mean arterial
pressure and stroke volume index became more pro-
nounced (P < 0.01), while heart rate and cardiac index
essentially remained unchanged. During sternotomy
there was a marked increase in heart rate and mean
arterial pressure (P < 0.01). Four patients developed
severe hypertension with systolic peak pressures of more
than 200 mmHg, necessitating infusion of nitroglycerin.
Cardiac index did not change significantly, while stroke
volume was further decreased (P < 0.01).

TABLE 1. Myocardial Variables during High-dose Fentanyl-anesthesia (Single Values of Nine Patients and Mean Values = SEM)

FENTANYL ANESTHESIA AND MYOCARDIAL BLOOD FLOW

*
N—mooa Mo a9
Zl N~~~ &
_ Ly H |
T
]
3 *
= = ®ne Xmee o=
- = N~ OO~~~ o
‘e =~ HH [ [
E
] *
E| o My o Yo
2 - O == N~ N —
L =11 H -
[
g
= QRN = MY &Y
| TOc OB IS ISl
— - -
|
S MG NWO—F o &
2| TR ox oW
OO O NB 1~
— — e N (N =
'w
S - TNV OO N ¥
T 2l gmnaNawng o<
- OO0 AW~ — OO
I= - — o —
E
£ QU ANV T O *
=] R MR Hn QO
S N=OMN—=M~NOFTO N~
8 e e e
=
N =G~ AN WO
- QY MMV Qe n®o
cur~rANNMNe— — O
— - —— e =
.'_
>l eV Ao
Sl N ocovaNS ©—
TN AOFTIFTOA @
g 4
O 5 ¥R ANY o
5] "| ea-mumeaadn A 0 -
& MEOATETON AN o
§
2
[ +
S| =2 aReQaNnTANY = 9
S| 7| A S S HR BTN DB
(" TOTAAONANO A
o
I NN QN
|l NOTOn S~ 0N
TANAFOAQANON 0
*
s M~ ONWe VYA
=l Rl gmmeunonTLin nNg
Tun COCO0OO0OOoOCOCO OO
(=3
(=1
N *
- —_ TV TOoOTO N
gl B RO RRONNNG ®Q
‘g C~Oo0oO0COocSd S
E
< »
B | 0ot - @
Ll = @ N
E OO0 CCcOoOSS SO
o
= VWM~ UOMNOWT S OV
O] m|] NGOV G &Q
OO0OmOO0O—~O000 SO
*
>| oo WOoOBNY—~ O
Al tN ARGV D T W
—_ -
'w
(=
[=] *
T z]| Mo~ —~0vwO <
- S| Koo dOwoRdad ®
I= -
‘g
E *
El o] moweoetor~rcno0®om v
|l "] N OIS —~x0dd S
5 S S D g —
=
NG —[~00MNWY [0
~| e~ CSwoo—~0oD o
— =Rt
z
- <3
| mumtwmor~rowae HFG
; =4

100 ug/kg fentanyl; and IV = sternotomy.

10 pg/kg fentanyl; III =

awake; II =

myocardial uptake or release (—).

I

coronary vascular resistance; O-Sat.cor.ven.
myocardial oxygen consumption; Lactate

myocardial blood flow; CVR

* P < 0.01. + P < 0.05 vs. awake and between all values.

coronary sinus oxygen saturation; MVO,

MBF

419

20z Iudy 61 uo 3sanb Aq ypd‘|0000-00090286 |-Z¥S0000/806E0E/L L 7/9/9G/4Pd-01o11e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



420

TaBLE 2. Hemodynamic Variables and Blood Gases during
High-dose Fentanyl Anesthesia (Mean Values = SEM)

1 11 m v
HR [min~'] 76 81* 82* 0g*
3 5 5 5
Pyyst [mmHg] 141 |135% | 124* | 152*
4 7 6 7
MAP [mmHg] 103 91* 87* | 106*
3 5 4 3
MDAP [mmHg] 91 84* 79* 91%
3 2 1 3
MPAP [mmHg] 13.7 | 14.9 15.2 15.0
06 | 09 0.7 1.0
PCWP [mmHg] 11.2 | 12.3 11.8 12.8

0.7 0.8 0.6 0.7

CI [l*min~'+m™? 3.89| 3.62| 3.09 3.58
0.21| 0.23 0.29 0.29
SVI [ml/m?) 48 43* 37* 34*
3 3 3 3
Pys* HR [(mmHg - min™?) .
1073) 11.3 | 11.3 10.4 15.2
0.6 0.8 0.8 1.1
Hb [g/d]] 14.2 | 14.1 13.7 13.2
0.2 0.3 0.3 0.2
Po; cor. ven|mmHg]) 21.5 | 23.3 22.7 20.4
1.1 1.2 1.0 0.7
Pag, [(mmHg] 84.7 |118.4* | 128.8* | 170.9*
4.5 | 15.7 14.6 11.1
Paco, (mmHg] 37.2 | 39.4 37.9 38.2
0.9 1.3 1.7 0.7
pH, 7.39| 7.37 7.38 | 7.37
n=9,

* P < 0.01 vs. awake and between all values.

HR = heart rate; Pyyy = systolic pressure; MAP = mean arterial
pressure; MDAP = mean diastolic arterial pressure; MPAP = mean
pulmonary arterial pressure; PCWP = pulmonary capillary wedge
pressure; CI = cardiac index; SVI = stroke volume index; Pya+ HR
= heart rate pressure product; (pH = H™* activity 40.8 % 1.1, 42.6
+ 1.8, 41.7 £ 1.2, and 42.7 * 1.1).

During the entire study period mean diastolic arterial
pressure, a major factor that affects coronary blood flow,
changed in parallel with the mean arterial pressure.
Hemoglobin, blood gases, pH, and body temperature
remained within the normal range throughout the whole
procedure. All patients needed additional fentanyl during
the operation; the average total dose for the entire op-
eration was 127 +7 pg/kg [entanyl. Four patients
showed signs of apparent awareness (obeying verbal
commands of the anesthesiologist) during the operative
procedure, three of them opened their eyes spontaneously
during sternotomy and required 5 to 10 mg etomidate
to produce hypnosis. The average total dose of pancu-
ronium administered was 14 mg. The duration of op-
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eration averaged 285 % 39 min. No patient remembered
any aspect of the operative procedure. All patients re-
quired mechanical ventilation after operation for periods
of 4 to 10 h.

Discussion

In all patients adjustment of coronary blood flow to
the requirements of the heart was maintained in the
awake state at rest, with the exception of patient 5, who
sustained an anginal attack due to anxiety and appre-
hension, and who developed signs of myocardial ischemia
(myocardial lactate production), which necessitated the
administration of nitroglycerin.

Our data demonstrate that moderate doses of fentanyl
(10 ug/kg) per se result in minimal changes in cardio-
vascular dynamics, myocardial blood flow, and myocar-
dial oxygen consumption in patients with severe coronary
artery disease. Heart rate only slightly increased (P
< 0.01), probably due to anesthetic manipulations (i.e.,
assisted ventilation via face mask) during infusion of the
drug. Myocardial oxygen consumption and coronary
blood flow increased in proportion, indicating that nor-
mal metabolic control of coronary blood flow was main-
tained with moderate doses of fentanyl. These results are
consistent with data from a previous investigation by our
group’ concerned with the effects of fentanyl and sufen-
tanil on general and coronary hemodynamics and myo-
cardial metabolism in unpremedicated ASA class 1 pa-
tients. The hemodynamic effects reported here also are
in accordance with the findings of other investigators in
patients with coronary artery disease.?>®

Moderate doses of fentanyl caused skeletal muscular
rigidity in all patients but did not produce unconscious-
ness consistently. Most patients remained responsive to
verbal commands. Large doses of fentanyl (100 ug/kg)
produced small changes in cardiovascular dynamics.
Mean aortic pressure, cardiac index, and stroke volume
index were decreased slightly, while heart rate remained
unchanged. Myocardial oxygen consumption and coro-
nary blood flow decreased in proportion. These obser-
vations essentially agree with the findings of other in-
vestigators,>>® and taken alone would suggest that
cardiovascular stability is maintained in patients with
severe coronary artery disease. However, this was not
the case for the majority of patients. Rather, myocardial
production of lactate was observed in five patients, in-
dicating myocardial ischemia even in the absence of sur-
gical stimuli. Presumably large doses of fentanyl pro-
duced redistribution of coronary blood flow, perhaps due
to a reduction in coronary perfusion pressure, resulting
in local myocardial ischemia in these patients. It has been
shown that decreased local coronary blood flow with no
change in total coronary blood flow is not uncommeon in
patients with coronary artery disease.!® Therefore, it has
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to be emphasized that measurements of total coronary
blood flow alone usually will not reflect local myocardial
oxygen balance in these patients,

In this study high doses of fentanyl failed to block
autonomic sympathetic responses to noxious stimuli.
During sternotomy marked increases in arterial pressure
and heart rate resulted in an increase in myocardial work
as reflected by an increase in myocardial oxygen con-
sumption together with an increase in myocardial blood
flow. During this phase myocardial lactate production
was observed in seven of nine patients, indicating re-
gional or global myocardial ischemia.

There is little doubt that fentanyl produces profound
analgesia; however, it has been shown that even with
large doses, loss of consciousness does not occur consis-
tently.!! In addition, it is well-known that opioids do not
reliably block sympathetic responses to noxious stimuli
in patients with coronary artery disease.®'?-'* This is
probably due to the fact that opioids, in contrast to true
anesthetics, selectively bind to specific receptors unevenly
distributed throughout the CNS without producing true
anesthesia. It is therefore misleading to refer to opioids
as anesthetics.

Contrary to the results reported by Stanley and co-
workers,' large doses of fentanyl in this study failed
to produce deep anesthesia during coronary artery bypass
operations and in addition, did not protect the myocar-
dium from ischemia during hemodynamic stress pro-
duced by major surgical stimuli. It is noteworthy, that
even though all patients were on maintenance doses of
beta-receptor blockers to within 12 h of surgery, these
severe hemodynamic reactions were not prevented. Sup-
ported by data summarized by Frishman,'” it would seem
unlikely that the withdrawal of beta-receptor blocker 12
h previous could have caused these reactions since there
is no evidence of a correlation between plasma levels and
therapeutic effect of beta blockers. In addition it has to
be pointed out that the period of withdrawal was very
short. Furthermore, it has been shown in patients with
coronary artery disease that abrupt propranolol with-
drawal does not produce an enhanced sensitivity to sym-
pathetic stimulation up to more than 48 h of with-
drawal.'® It seems important to mention at this point
that the vast majority of patients of Stanley and co-
worker received no beta blockers at all. It seems very
unlikely that the administration of etomidate exercised
any substantial influence on our results. In a previous
study'” we could demonstrate that this drug produces no
significant changes of general and coronary hemodynam-
ics, myocardial function, and oxygen consumption of the
heart in humans. Furthermore, the actions of etomidate
are of short duration and cumulation does not occur with
clinical doses.

The measurement ol coronary blood flow and myo-
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cardial oxygen consumption is difficult in humans and
cannot be employed in daily clinical practice. Therefore,
several investigators have attempted to estimate myocar-
dial oxygen consumption by taking into consideration the
close relationship between hemodynamic parameters and
myocardial oxygen consumption. Good correlation has
been demonstrated in healthy volunteers and in patients
with coronary artery disease during exercise between
heart rate-systolic blood pressure product and measured
myocardial oxygen consumption.'®!? Consequently, the
relationship has been introduced to anesthetic practice
as an intraoperative guide to myocardial oxygen demand
in patients with coronary artery disease,?° although few
data exist regarding correlation in humans during anes-
thesia. In our study there was poor correlation between
the rate pressure product and myocardial oxygen con-
sumption (fig. 1). There was also no close relationship
between rate-pressure product and signs of myocardial
ischemia (lactate production). Similar results have been
obtained in a previous investigation by our group in
healthy patients during halothane anesthesia.?! These
data indicate that the rate-pressure product is of limited
practical value for computation of myocardial oxygen
demand and prediction of myocardial ischemia during
high-dose fentanyl-oxygen anesthesia in patients with
severe coronary artery disease.

In conclusion, our findings demonstrate that large
doses of fentanyl as the sole anesthetic, produce incom-
plete anesthesia and fail to protect the myocardium from
ischemia due to noxious stimuli during coronary artery
bypass operations in patients on maintenance doses of
beta-receptor blockers.
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