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Introduction. While studying the hemodynamic

changes associated with fentanyl (F) anesthesia and
aortocoronary artery bypass (ACB) surgery, we noted
that patients given a single bolus dose of 75 ug/kg
became responsive following extracorporeal circulation
(CPB). We therefore 1) examined the kinetics of F
elimination during ACB surgery and 2) devised infusion
regimens to maintain F levels adequate for ACB sur-
ery.
; Methods. FEighteen patients (40-65 years, 65-100
kg, 3 females) scheduled for elective ACB surgery gave
their consent to this study as approved by the Human
Investigations Committee. They received their usual
morning doses of propranolol (20-80 mg, po) and nitro-
glycerin (1 inch topically), and also diazepam (0.15
mg/kg, po), morphine (0.1 mg/kg, im) and scopolamine
(0.3 mg/70 kg, im). After preparations for anesthesia
and monitoring, the patients breathed 100% oxygen con-
tinuously for the duration of anesthesia. Three groups
of 6 patients each received F either as a single dose
of 75 ug/kg at a ragf of_fOO ug/minoras a loading
infusion (2.4 ug.kg .min™" for 20 min) along with a
continuous maintenance,infugion of either 0.15 ("low")
or 0.3 ("high") ug.kg ‘min™* for the duration of
anesthesia. Some patients exhibited decreased ventila-
tory compliance just before becoming unconscious, and
received 20 mg succinylcholine to facilitate ventila-
tion and subsequently to allow verification of uncon-
sciousness. With unconsciousness, pancuronium (0.1 mg/
kg, iv) was administered. No additional muscle relax-
ant was used, and recovery of neuromuscular function
before the end of CPB was verified by ulnar nerve sti-
mulation. If the patient responded to surgical stimu-
lation by eye opening or movement, he received diaze-
pam (5 mg iv, prn) and the F infusion was maintained
at the same rate. Fentanyl concentrations [ in arte-
rial plasma were determined by radioimmunoassay. Phar-
macokinetic parameters were determined by conventional
methods and data are expressed as the mean + SE. Stu-
dent's t-test was used for group comparisons.

Results. [F] at specific points during anesthesia
and ACB surgery are shown in Table 1. The times of
each "milestone" did not differ for the 3 groups and
the mean number of minutes after the start of F admi-
nistration is shown for all 18 patients. Notable ob-
servations for patients given a single 75 ug/kg dose
are 1) the 42% decline in F at the start of CPB, 2)
the stability of [F] thereafter during CPB, and 3) the
fact that the [F] was uniformly less than 9 ng/ml and
all 6 patients became responsive before the end of
surgery. In contrast, each of the 6 patients given the
high maintenance infusion had [F] greater than 17 ng/
ml throughout the surgical procedure and none became
responsive until 4+0.6 hr after surgery when [F]
averaged 9+1 ng/ml. One-half the patients receiving
the Tow infusion rate required diazepam after hypo-
thermic CPB. Good hemodynamic stability was present in
the high infusion group, whereas some patients in each
of the other two groups required other drugs to sup-
Press cardiovascular responses to noxious stimulation.

The rate of F elimination was the same in all 3

groups (Table 2). A1l patients were extubated the

morning after surgery with the exception of 3 in the

Tow infusion group that were given diazepam after CPB.
Discussion. There appears to be a close relatiorg

ship between plasma [F] and F effects.l The occurrerge

of responsiveness with the progressive decline of

is to be expected and was evident in all patients w en

less than 10 ng/ml was present. Under our conditionsg

of ACB surgery, [F] above 17 ng/ml suppressed respons

=

siveness; this level is close to that producing a g
maximal reduction of enflurane MAC in dogs.2 A rela-§
tively stable [F] was maintained by a continuous infﬁ-
sion of F after an initial loading dose without accus
mulation of excessive nor marked prolongation ofg
recovery of ACB patients. The loading dose is neces-2
sary to shorten the time of approaching the desired 8
stable [E] and may also be useful in suppressing ress
ponses to the intense noxious stimulation at the be-
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men, F elimination in patients undergoing CPB is mucé
slower than that in volunteers (t%6=3.7 hrs) and
"non-CPB" patients (tig=3.3 hrs).!3 This appears to
be due to an increased distribution volume (vd) and
a diminished clearance (C1) of F_(Table 2 vs volun-
teers Vd=4 1/kg and C1=13 m1.kg™lmin-1y.1
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TABLE 1. PLASMA [F] (ng/ml + SE) 5

SingTe  Continuous Infusiom

Event (min + SE) Dose Low High =
Peak [F] (2140.3) 83+10 7745 6745 £
1'Before CPB (63+2) 1643 1741 2741%%4
Max. Cold (83+3) 9+1 15¢1%% . 204 %X!2
15'After CPB (165+7) 9+1 L yus)
End Oper. (206+9) 740.3  16+1%% 2341
At 24 hours - 1.440.3  2.3:0.3"

%p<0.5 vs singTe dose +p<0.5 vs Tow 1nfus1op
xxp<0.001 vs single dose ++p<0.001 vs low infusion

TABLE 2. F PHARMACOKINETICS

Single Continuous Infusion
Dose Low i ik
Total dose (ug/kg) 75 84+3* 10742
tig (hrs) 1142 12+1 111
vd (1/kg) 354y 9.0+0.9 7.5¢0.8 7.3+0.7
C1 (ml.kg -min *) 7..5%1.5 7.3¥0.9 8.040.2






