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Tomiei Kazama, M.D.,* Kazuyuki Ikeda, M.D., Ph.D., F.R.C.A.,T Koji Morita, Ph.D.%

Background: Sufficient propofol or fentanyl doses necessary
to prevent the response to skin incision do not necessarily
attenuate hemodynamic responses during surgery. The goal of
this study was to characterize the pharmacodynamic interac-
tion between propofol and fentanyl with respect to the suppres-
sion of somatic or hemodynamic responses after three stimuli:
skin incision, peritoneum incision, and abdominal wall retrac-
tion.

Methods: Propofol and fentanyl were administered via com-
puter-assisted continuous infusion to provide equilibration be-
tween plasma-blood and biophase concentrations. Patients
were randomized to nine groups that received predetermined
concentrations of fentanyl (from 0 to 9 ng/ml). Each patient
was administered different target concentrations of propofol.
Somatic and hemodynamic responses were measured before
and after each of three different stimulations: skin incision (si),
peritoneum incision (pi), and abdominal wall retraction (ret).
The propofol plasma concentrations at which 50% of the pa-
tients did not respond to each type of stimulation (Cp50si,
Cp50pi, and Cp50ret) were calculated by fitting the Loewe syn-
ergistic model.

Results: For propofol alone, Cp50si, Cp50pi, and Cp50ret
were 12.9, 17.1, and 19.4 pug/ml, respectively. Increasing the
fentanyl concentration markedly reduced propofol Cp50si,
Cp50pi, and Cp50ret for somatic response, indicating the po-
tential synergistic interaction of both drugs. During the pre-
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stimulation period, fentanyl did not decrease systolic blood
pressure; however, propofol specifically decreased systolic
blood pressure. Both drugs had a synergistic drug interaction
on the systolic blood pressure increase after various surgical
stimulations. Fentanyl and propofol concentrations that sup-
pressed both the 50% probability of somatic response and the
50% probability of moderate hemodynamic change defined by
the 15% systolic blood pressure increase over the prestimula-
tion value were 3.6 ng/ml and 2.5 pug/ml for skin incision, 8.4
ng/ml and 1.6 pg/ml for peritoneum incision, and 5.9 ng/ml
and 5.1 pug/ml for wall retraction, respectively.

Conclusions: The anesthesia requirements for stimuli that are
more intense than skin incision should be considered during
abdominal surgery. Somatic and hemodynamic responses var-
ied depending on the type of surgical stimuli. (Key words:
Anesthetic potency; blood pressure; computers; heart rate; in-
travenous anesthetics.)

FOR intravenous anesthetics, the index of potency has
been defined in terms of the plasma concentration nec-
essary to prevent a response in 50% (Cp50) and 95%
(Cp95) of patients to stimulation by skin incision, and
this index is a guide for therapeutic concentrations.'
However, the intensity of stimulation varies during sur-
gery with different types of stimuli. Ideally, the anes-
thetic infusion rate should be adjusted in each patient
according to the expected intensity of an impending
stimulation, and the plasma concentrations should be
maintained at slightly more than the minimum level
necessary to maintain satisfactory anesthetic conditions
to allow rapid recovery®~° and stable hemodynamic con-
ditions. The alfentanil requirement to suppress a somatic
or hemodynamic response is more for a peritoneum
incision than for a skin incision.”®

Recently, we described the pharmacodynamic interac-
tion between propofol and fentanyl needed to suppress
responses to the perioperative stimuli of verbal com-
mand, tetanic stimulation, laryngoscopy, tracheal intuba-
tion, and skin incision.” Empirically, often there are
marked increases in blood pressure during the early
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PROPOFOL REQUIRED FOR MULTIPLE SURGICAL STIMULI

phase of abdominal surgery, even in patients who are
administered doses more than the Cp95 for skin incision
during propofol and fentanyl anesthesia. Ausems et al.*
reported that skin incision is not the most intense stim-
ulus in the perioperative period. We hypothesized that
peritoneum incision and abdominal wall retraction may
be more intense stimulations than skin incision and that
the hemodynamic response may be different than the
somatic response in each of these situations. However,
the propofol plasma concentration necessary for perito-
neum incision and abdominal wall retraction and the
effects on somatic response to these stimuli by the in-
teraction of fentanyl with propofol have not been inves-
tigated precisely; nor have specific hemodynamic re-
sponses been assessed. To maintain anesthesia when
using propofol and fentanyl, it is important to establish
the therapeutic concentrations necessary to limit the
response during various surgical conditions.

This study was designed (1) to determine the plasma
propofol concentration at which 50% and 95% of pa-

tients do not respond somatically to skin incision
(Cp50si, Cp95si), peritoneum incision (Cp50pi,
Cp95pi), or abdominal wall retraction (CpSOret,
Cp95ret); (2) to measure the reduction of Cp50si,

Cp50pi, and Cp50ret by the addition of fentanyl when
both drugs have reached a steady biophase concentra-
tion; and (3) to observe the interaction of the propofol
and fentanyl concentration on hemodynamic responses
to three different stimuli: skin incision, peritoneum inci-
sion, and abdominal wall retraction.

Materials and Methods

After approval from the District Ethics Committee of
Hamamatsu University Hospital, 99 patients were cho-
sen who were classified as American Society of Anesthe-
siologists physical status 1 or 2 and were scheduled for
elective surgery involving gastric resection. After we
explained the study, each patient provided informed
consent. Patients who were significantly obese (body
mass index > 30); those with known cardiac, pulmo-
nary, liver, renal, or metabolic diseases; and those who
were receiving medications were excluded from the
study.

Stable blood concentrations of propofol and fentanyl
were achieved using a pharmacokinetic model-driven
infusion device designed for computer-assisted continu-
ous infusion. The system consists of a microcomputer
interfaced to an ATOM syringe pump (NEC 9821 com-
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puter, NEC, Tokyo Japan; model 1235 syringe pump,
ATOM, Tokyo, Japan) using a three-compartment model
with central elimination. The control software was pro-
grammed in the Turbo Pascal language (Borland Interna-
tional, Scotts Valley, CA) by one of the authors. The
pharmacokinetic parameters used for computer-assisted
continuous infusion for fentanyl and propofol were re-
ported previously by and Gepts'® and Shafer."’

For each pair of predicted and measured values, the
prediction error and absolute prediction error'’ ex-
pressed as a percentage was given by

Prediction error

_Cp (measured) — Cp (predicted)

100
Cp (predicted)
Absolute prediction error
lc measured) — CP (predicted) |
_1¢p( (p ey,

Cp (predicted)

The median prediction error and the median absolute
prediction error were calculated.

Clinical Protocol

One day before surgery, a central venous catheter was
inserted via the right jugular vein during regional anes-
thesia, and it was used for propofol and fentanyl admin-
istration during anesthesia. Patients were brought to the
operating room without administration of premedica-
tion. Before induction of anesthesia, a peripheral venous
catheter for fluid replacement and a radial arterial cath-
eter to measure arterial pressure and to sample blood
were inserted.

Anesthesia was induced with propofol (main target
concentration, 1-3 ug/ml) and various predetermined
concentrations of fentanyl. After patient loss of con-
sciousness was verified, tracheal intubation was facili-
tated by additional increases in the propofol concentra-
tion and 1 mg/kg succinylcholine administered
intravenously. The patients’ lungs were ventilated me-
chanically with 100% oxygen to normocapnia, and nor-
mal body temperature was maintained (35.5 to 37°C)
during the study.

The surgeon was asked to perform skin incision, peri-
toneum incision, and abdominal wall retraction while
refraining from use of electrocautery until the patient’s
responses were determined after each stimulation. The
stimulation of abdominal wall retraction was provided
with an abdominal retractor, which widened the abdom-
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inal cavity to maximal exposure. Vecuronium was used
only when absolutely necessary to facilitate surgery and
only in the smallest dose needed for skin incision, peri-
toneum incision, or abdominal retraction. The degree of
muscular blockage was estimated every 5 min by inte-
grated electromyography (RELAXOGRAPH, DATEX, Hel-
sinki, Finland). We maintained the T1:T4 ratio by train-
of-four monitoring at more than 50%.

Assessment of the Response to Surgical Stimulation
Inadequate anesthesia during each of the three stimuli
was defined by the following criteria:'®

« presence of somatic responses, including bodily move-
ments, swallowing, coughing, grimacing, or eye open-
ing;

. an increase in the systemic systolic blood pressure
(sBP) more than 15 mmHg above normal levels (nor-
mal sBP for each patient was determined from mea-
surements made before surgery in the ward);

. a heart rate (HR) of more than 90 beats/min in the
absence of hypovolemia;

« presence of other autonomic signs of inadequate anes-
thesia, such as lacrimation, flushing, or sweating.

Any movement was noted that occurred during the
60 s after each of the three surgical stimulations. In all
patients, somatic responses were assessed by the same
attending anesthesiologist and the same assistant resi-
dent anesthesiologist, who were both blinded to the
selected target concentration or hemodynamic re-
sponse. Both anesthesiologists were familiar with the
strict definition of responses and were continuously
looking for any hint of inadequate anesthesia.

Before surgery, the sBP and HR values obtained while
patients were resting in the ward were recorded as
preanesthesia baseline values. For each patient, contin-
uous measurements of sBP and HR for the 2 min before
skin incision were recorded, and the means were calcu-
lated as presurgical baselines. For poststimulation values,
the maximum measurements during the 2 min after each
stimulation were recorded.

Testing Concentrations of Propofol and Fentanyl

Patients were allocated randomly to receive either no
fentanyl or predetermined target plasma concentrations
of fentanylat 0.5, 1, 2, 3, 5, 7, 8, or 9 ng/ml (groups 1-9),
and these levels were maintained throughout the exper-
imental period. A minimum of 30 min was allocated
between the start of the fentanyl infusion and making
the skin incision. To assess patient response to skin
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incision, propofol (from 1-24 pg/ml) was administered
at values preselected according to a randomization
schedule in each fentanyl concentration group (fig. 1).
This range was chosen based on a previous report con-
cerning the effect of fentanyl on the Cp50si for propo-
fol,> and propofol concentrations less than induction
values were not tested. When the somatic response to
skin incision was negative without persistent hyperten-
sion, the target concentration of propofol was not
changed. When a positive somatic response was ob-
served, the target concentration of propofol was in-
creased immediately by 10, 7, 4,3, 2,2, 2, 1, and 1 ug/ml
in groups 1-9, respectively. As a consequence, patients
received target concentrations of propofol ranging from
1 to 25 pg/ml for peritoneum incision (fig. 1). Depend-
ing on the somatic response to the peritoneum incision,
the propofol concentration was determined in the same
manner as that for skin incision. As a consequence,
patients within each group received target concentra-
tions of propofol ranging from 1-28 ug/ml before ab-
dominal retraction (fig. 1). The propofol concentration
was maintained for at least 15 min before each stimula-
tion to ensure equilibration between plasma and the
effect site.

When a condition of inadequate anesthesia was not
alleviated by the propofol infusion defined by the pro-
tocol described, it was readily controlled by further
increasing the target concentration of propofol. If hypo-
tension occurred at any time, patient blood pressure was
restored by a combination of fluid administration and
ephedrine as needed. Bradycardia (<50 beats/min) was
treated with atropine (0.25 mg administered intrave-
nously).

Measurement of Propofol and Fentanyl

After equilibration of propofol between blood and the
effect site, blood samples for analysis of the plasma
propofol and plasma fentanyl concentrations were ob-
tained approximately 3 min before and just after stimu-
lation. Only paired samples that had concentrations
within =30% of each other were included. The means of
these values were used to obtain Cp50. Plasma samples
for propofol were kept on ice and stored at 5°C until
extraction and assay. They were assayed within 5 days
after sampling. Plasma concentrations of propofol were
determined using high-performance liquid chromatogra-
phy with fluorescence detection at 310 nm after excita-
tion at 276 nm (CTO-10A, RF550, and C-R7A, Shimadsu,
Kyoto, Japan).'* For each batch of plasma samples (for
each patient), a separate standard curve was computed
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PROPOFOL REQUIRED FOR MULTIPLE SURGICAL STIMULI

Infusion Scheme for Skin Incision (Cp50si)
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Fig. 1. Target concentrations of propofol
and fentanyl to which patients were ran-
domized for assessment of skin incision
(Cp50si), peritoneum incision (Cp50pi),
and abdominal wall retraction (Cp50ret).
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by adding pure propofol liquid to drugfree human
plasma to reach concentrations of 1, 5, 10, and 25
pg/ml. Linear regression analysis (least squares) was
used with the plasma propofol concentration as the
dependent variable. Propofol concentrations in this
study were calculated using the obtained regression
equation. The lower limit of detection was 32 ng/ml, and
the coefficient of variation was 9.5%.

The blood samples for determining plasma fentanyl
concentration were immediately placed on ice and the
plasma was separated and frozen at —70°C until assay.
The plasma concentration of fentanyl was measured by
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gas chromatography mass spectrometry (model 5989,
Hewlett-Packard, Palo Alto, CA) at another laboratory.
The lower limit of detection was 0.2 ng/ml, and the
interbatch coefficient of variation of the assay over the
concentration range in this study was 8.1%.

Statistical Analysis

The interaction between propofol and fentanyl to sup-
press the somatic responses to these stimuli was evalu-
ated for each stimulus separately by the Loewe synergis-
tic model of drug interaction model:'®
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(X CpP50 17 X2/ CPsp o @ X/ CPsoi s Xl/Cp;(,:z)‘/

IR/ Chon . 2o CDrop 0 X CDr e XD

where P = probability of response, X, is the plasma
concentration of drug 1, X, is the plasma concentration
of drug 2, Cps,, ; and Cps,, , are plasma concentrations of
drugs 1 and 2 at which 50% of patients do not respond
to the stimulus, vy is the slope parameter for a combina-
tion of drugs 1 and 2, and « is the synergism-antagonism
interaction parameter.
The 50% isobole of this equation follows:

1 = X,/Cpso,1 + X/CpPsp, + a* X/Cpsg; * X5/CPsg 2

This is either a straight line (o« = 0) or a line that deviates
from linearity in either synergism or antagonism. In this
study, X, is propofol and X, is fentanyl. This Loewe
synergistic model was fitted to the obtained data by
nonlinear regression data analysis.

Before surgical stimulation, we defined hemodynamic
suppression by propofol or fentanyl as 15%, 30%, and
40% decreases in sBP or HR from the preanesthesia
baselines. These provide yes-no responses as performed
for the somatic response. Propofol and fentanyl concen-
trations at which 50% of patients were suppressed were
calculated at each of 15%, 30%, and 40% decreases from
preanesthesia baseline. We also defined the hemody-
namic response after surgical stimulation as 15%, 30%,
and 50% sBP increases from presurgical baseline values.
Propofol and fentanyl concentrations at which 50% of
patients did not respond hemodynamically to each of the
three stimuli were calculated at each of 15%, 30%, and
50% increases from presurgical baseline. The Loewe syn-
ergistic model'> was fitted to the hemodynamic data
obtained during prestimulation and after various surgical
stimulations for skin incision, peritoneum incision, and
abdominal retraction.

Evaluation of the influence on hemodynamic response
with and without surgical stimulation was assessed by
multiple regression analysis of the following parameters:
somatic response, other autonomic responses, plasma
propofol concentration, and plasma fentanyl concentra-
tion. The somatic or other autonomic responses were
expressed as 1 for reaction and as 0 for absence of
reaction. Statistical analysis was conducted using statis-
tical software (Statview 4.0, Abacus Concepts, Berkeley,
CA). Statistical significance was established at P < 0.05.

Anesthesiology, V 89, No 4, Oct 1998

Results

Of the 99 patients who participated in this study, 10
were excluded because the measured plasma propofol
concentration or the measured plasma-fentanyl concen-
tration 3 min before stimulation was not within +30% of
the sample obtained just after stimulation. Two patients
who required ephedrine (4 to 8 mg administered intra-
venously) and one who required atropine (0.25 mg ad-
ministered intravenously) because of bradycardia (<50
beats/min) after the fentanyl infusion were also ex-
cluded from the study. Eighty-six patients (46 men and
40 women, 32-61 yr old) were included in the analysis.
Average age, body weight, and height were 53.9 + 9.6 yr
(range, 32-61 yr), 51.7 £ 9.3 kg (range, 46-79 kg), and
158.4 * 8.6 cm (range, 146-175 cm), respectively
(mean = SD).

Of the 86 patients assessed in this study, 6 had exces-
sive hemodynamic reactions to the peritoneum incision.
Systolic blood pressure increased to more than 170
mmHg after the peritoneum incision. The patients were
treated by increases in the target propofol concentration
predetermined by the protocol.

Thirteen patients had excessive high blood pressure
after abdominal retraction. They were treated by in-
creases in propofol and fentanyl target concentra-
tions, and sBP decreased to less than 170 mmHg
within 3 min.

All the positive somatic responses to stimulation were
alleviated by increasing the target propofol concentra-
tion according to the predetermined protocol. No posi-
tive somatic responses to other surgical stimulation,
such as fascia incision or hemostatic clamping, were
observed during the study.

No patients later indicated awareness, in as much as no
patient recalled any event occurring during this study,
when questioned at a 24-h postoperative visit. No other
adverse effects occurred during this study. Blood gas
levels and hemoglobin concentrations did not change
significantly; rectal temperature decreased slightly from
36.7 = 0.6°C at the beginning to 36.3 + 0.7°C at the end
of the measurement period. The median prediction error
and the median absolute prediction error for computer-
assisted continuous infusion administration of propofol
were —5.3% and 24.9%, respectively. The median pre-

diction error and the median absolute prediction error
for computer-assisted continuous infusion administra-
tion of fentanyl were 37.9% and 42.9%, respectively.
During this study, the average value of the T1:T4 ratio by
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PROPOFOL REQUIRED FOR MULTIPLE SURGICAL STIMULI

Interaction between Propofol and Fentanyl
without Surgical Stimulation: 50% Probability
Defined by Various sBP Decreases

40

O More than 15% decrease from preanesthesia
baseline

® Less than 15% decrease from preanesthesia
g baseline

15% sBP decrease
30% sBP decrease
40% sBP decrease

PROPOFOL CONCENTRATION (ug/ml)
N
o

0

T |

012345678 9101112
FENTANYL CONCENTRATION (ng/mi)

Fig. 2. Open and closed circles show negative or positive re-
sponses defined by a 15% systolic blood pressure (sBP) de-
crease from the preanesthesia baseline value. The lines show
the interaction of propofol and fentanyl concentrations at
which 50% of patients did not respond hemodynamically with
a 15%, 30%, or 40% sBP decrease from preanesthesia baseline
values.

the train-of-four method was 61 + 9% before stimulation
and 63 * 13% after stimulation.

Hemodynamic Response to the Interaction

of Propofol and Fentanyl without

Surgical Stimulation

Figures 2 and 3 show the propofol and fentanyl con-
centrations at which 50% of patients did not respond
hemodynamically by showing various sBP and HR de-
creases without surgical stimulation. Without fentanyl,
15%, 30%, and 40% decreases from normal sBP were
provided by 3.6, 8.1, and 17.7 ug/ml of propofol in 50%
of patients. The sBP was decreased mainly by propofol
during the prestimulation period (table 1), and this de-
crease was dose dependent (table 2, fig. 2). Propofol
combined with fentanyl exerts a synergistic effect on

Anesthesiology, V 89, No 4, Oct 1998

sBP, as judged by the « value. Heart rate decreased with
increasing propofol concentrations (fig. 3). No consis-
tent data set was obtained for a 40% decrease from
normal HR, and therefore the propofol-fentanyl interac-
tion to induce a 40% decrease could not be determined.
The two drugs had a synergistic action on HR during the
prestimulation period.

Effects of Propofol and Fentanyl on Somatic

Response to Skin Incision, Peritoneum Incision,

and Abdominal Retraction

In the patients in group 1 who received propofol only
(n = 26), propofol Cp50si, Cp50pi, and Cp50ret were
129 pg/ml, 17.1 pg/ml, and 19.4 pug/ml, respectively
(fig. 4). The Cp95si, Cp95pi, and Cp95ret values were
26.6 pg/ml, 32.9 ug/ml, and 32.4 pg/ml, respectively.
The reductions in propofol Cp50si, Cp50pi, and Cp50ret
by fentanyl were significant (figs. SA, 6A, and 7A). Propo-

Interaction between Propofol and Fentanyl
without Surgical Stimulation: 50% Probability
Defined by Various HR Decreases

40

O More than 15% decrease from preanesthesia
baseline
35- ® Less than 15% decrease from preanesthesia
é baseline
30_) |5 %0IHR{decease
= 30% HR decrease
25

PROPOFOL CONCENTRATION (ug/ml)

O T I

frveS! Oy
Quipeds@ g o567 '8 94109112
FENTANYL CONCENTRATION (ng/ml)

Fig. 3. Open and closed circles show negative or positive re-
sponses defined by 15% heart rate (HR) decrease from prean-
esthesia baseline values. The lines show the interaction of
propofol and fentanyl concentrations at which 50% of patients
did not respond hemodynamically with a 15% or 30% HR de-
crease from preanesthesia baseline values.

20z Iudy 2| uo 3sanb Aq jpd'1.000-0000 1866 L-2¥S0000/29S6E/768/7/68/sPd-a[o11e/ABO|0ISBUISBUE/WOD JIBYDIBA|IS ZESE//:d}Y WOl) papeojumoq



900

KAZAMA ET AL.

Table 1. Results of Multiple Regression Analysis Evaluation of
the Influence of the Somatic Response, Other Autonomic
Responses, Propofol Concentration, and Fentanyl
Concentration on Systolic Blood Pressure and Heart Rate

Correlation Coefficient

Effect to Be Tested by Multiple

Cp50s OF PROPOFOL ALONE

O Negative somatic response
+ Positive somatic response

SKIN INCISION

O @ aOo0o

(0]

Regression Blood Pressure Heart Rate
Without surgical stimulation
Propofol concentration 0.494* 0.212
Fentanyl concentration 0.074 0.501*
Skin incision
Somatic response (positive = 1,
negative = 0) 0.459* 0.136
Other autonomic responses
(positive = 1, negative = 0) 0.107 0.071
Propofol concentration 0.015 0.021
Fentanyl concentrations —=(0)4l[ 77 —(0}.7/08)
Peritoneum incision
Somatic response (positive = 1,
negative = 0) 0.288* 0.061
Other autonomic responses
(positive = 1, negative = 0) 0.122 — 0075
Propofol concentration 0.185 —0.016
Fentanyl concentration —0.644* —0.031
Abdominal wall retraction
Somatic response (positive = 1,
negative = 0) 0.085 =(0),121
Other autonomic responses
(positive = 1, negative = 0) 0.197 —-0.159
Propofol concentration 0.100 0.203
Fentanyl concentration —0.466" —0.097

t P <0.05

fol and fentanyl had a synergistic action on the somatic
response to these three stimuli, as judged by the « value
(table 3). A plasma-fentanyl concentration of 1 ng/ml
resulted in a 44% reduction of propofol Cp50si, a 31%
reduction of propofol Cp50pi, and a 30% reduction of
propofol Cp50ret. Increasing the plasma fentanyl con-
centration to 3 ng/ml resulted in a 76% reduction of
propofol Cp50si, a 65% reduction of propofol Cp50pi,
and a 56% reduction of propofol Cp50ret. The 50%
reductions in Cp50si, Cp50pi, and Cp50ret were pro-

Table 2. Propofol-Fentanyl Hemodynamic Interaction;
Estimated Cp50 Values of Hemodynamic Suppression of
Propofol and Fentanyl during Prestimulation

Without Surgical Propofol Fentanyl
Stimulation Cp50 (ug/ml) Cp50 (ng/ml) Slope a
15% sBP decrease 3.6 9.7 155 1145
30% sBP decrease 8.1 20.5 1.6 3t
40% sBP decrease V7T 195.1 8.5 41.5
15% HR decrease 14.4 3t5 3.8 1.65
30% HR decrease 20.5 6.7 4.6 =2

sBP = systolic blood pressure; HR = heart rate.
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Cp50si = 12.9 ug/ml
HH++ +

1 I 1 I T

OF S 10 152025 30" 3540
PROPOFOL CONCENTRATION (ug/ml)

PERITONEUM INCISION
@ OO o
Cp50pi = 17.1 pg/mi
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O 5 10 1552025 30 35840
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Fig. 4. Propofol concentrations at which patients did and did
not respond somatically to skin incision, peritoneum incision,
and abdominal wall retraction when only propofol was admin-
istered.

vided by fentanyl concentrations of 1.2, 1.8, and 2.8
ng/ml, respectively.

Effects of Propofol and Fentanyl on Hemodynamic

Response to Skin Incision, Peritoneum Incision,

and Abdominal Retraction

The individual hemodynamic responses defined by a
15% increase from prestimulation sBP are shown in fig-
ures 5B (skin incision), 6B (peritoneum incision), and 7B
(abdominal retraction). The propofol-fentanyl interac-
tions to suppress the sBP increase after various surgical
stimulations are shown by 15%, 30%, and 50% sBP in-
crease. No consistent data set of propofol-fentanyl inter-
action on sBP increase was obtained for 50% sBP in-
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Interaction between Propofol and Fentanyl in
Relation to Somatic Response to Skin Incision

40

= Cp50si
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A FENTANYL CONCENTRATION (ng/ml)
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Fig. 5. (4) Increasing concentrations of fentanyl reduced the propofol concentration at which 50% of patients did not respond
somatically to skin incision (Cp50si). () = negative somatic response; ® = positive somatic response. The solid line shows the
interaction of propofol and fentanyl concentration at which 50% of patients did not respond somatically. (B) Increasing concen-
trations of fentanyl reduced the propofol concentration at which 50% of patients did not respond hemodynamically to skin incision.
(O = negative hemodynamic response (<15% systolic blood pressure [sBP] increase from the presurgical baseline value); @ =
positive hemodynamic response (>15% sBP increase from the presurgical baseline value). The dashed lines show the interaction of
propofol and fentanyl concentrations at which 50% of patients did not respond hemodynamically at 10%, 15%, and 30% sBP

increases from presurgical baseline values.

crease responses to skin incision and peritoneum
incision. Propofol and fentanyl had a synergistic action
on the suppression of sBP increase after surgical stimu-
lation (table 3 and figs. 5B, 6B, and 7B). The hemody-
namic responses to peritoneum incision and abdominal
retraction were higher than those to skin incision. Esti-
mated propofol Cp50 values of hemodynamic response
to peritoneum incision were higher than those of skin
incision or abdominal retraction (table 3). Estimated fen-
tanyl Cp50 values of hemodynamic responses to perito-
neum incision were higher than those to skin incision
and were lower than those to abdominal retraction (ta-
ble 3).

When the hemodynamic response was defined by a
15% sBP increase to surgical stimuli, equisomatic and
hemodynamic response values (the 50% probability to
suppress somatic and hemodynamic response) after skin
incision were at concentrations of 3.7 ng/ml for fentanyl
and 2.3 pg/ml for propofol (figs. SA and 5B). The con-
centrations were 8.4 ng/ml for fentanyl and 1.6 pg/ml

Anesthesiology, V 89, No 4, Oct 1998
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for propofol after peritoneum incision (figs. 6A and 6B)
and 5.9 ng/ml for fentanyl and 5.1 ug/ml for propofol
after abdominal wall retraction (figs. 7A and 7B). Equi-
somatic and hemodynamic response values for abdomi-
nal retraction were higher in propofol than in perito-
neum or skin incisions and were lower for fentanyl than

for peritoneum incision.
Other autonomic responses, such as lacrimation,

flushing, or sweating to skin incision, peritoneum in-

cision, and abdominal retraction were observed in 3,

4, and 4 patients, respectively. Because there was no

consistent data set, the propofol-fentanyl interaction

to other autonomic responses could not be deter-

mined.

As shown by the multiple regression analysis (table
4), a somatic response to skin incision correlated
significantly with fentanyl concentration. The somatic
response to peritoneum incision correlated signifi-
cantly with propofol and fentanyl concentrations. Ab-
dominal retraction correlated significantly with propo-
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Interaction between Propofol and Fentanyl in Relation
to Somatic Response to Peritoneum Incision
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Interaction between Propofol and Fentanyl in Relation
to Hemodynamic Response to Peritoneum Incision

40

ssssse  15% sBP increase

30% sBP increase

PROPOFOL CONCENTRATION (ug/ml)

5‘.' o"Q:. .'&.

2345678 9101112

O
© 1

B FENTANYL CONCENTRATION (ng/ml)

Fig. 6. (4) Increasing concentrations of fentanyl reduced the propofol concentration at which 50% of patients did not respond
somatically to peritoneum incision (Cp50pi). O = negative somatic response; @ = positive somatic response. The solid line shows
the interaction of the propofol and fentanyl concentration at which 50% of patients did not respond somatically. (B) Increasing
concentrations of fentanyl reduced the propofol concentration at which 50% of patients did not respond hemodynamically to
peritoneum incision. O = negative hemodynamic response (<15% systolic blood pressure [sBP] increase from the presurgical
baseline value); @ = positive hemodynamic response (>15% sBP increase from the presurgical baseline value). Dashed lines show
the interaction of propofol and fentanyl concentrations at which 50% of patients did not respond hemodynamically at 10%, 15%,

and 30% sBP increases from presurgical baseline values.

fol concentration. For hemodynamic responses (table
1), decreases in sBP compared with presurgical stim-
ulation values related significantly to the propofol
concentration, and decreases in HR compared with
presurgical values correlated with fentanyl concentra-
tion. Increases in blood pressure after skin incision or
peritoneum incision were closely related to plasma
fentanyl concentration and somatic responses. The
sBP increase after abdominal retraction did not corre-
late significantly with somatic response, but fentanyl
concentration did. The plasma propofol concentration
did not correlate with the sBP increase after skin
incision, peritoneum incision, or abdominal retraction
(table 4). Other autonomic responses did not correlate
with increases in sBP or HR.

§Schuttler J, Schwilden H, Stoeckel H: Pharmacokinetic-dynamic
modeling of Diprivan. ANESTHESIOLOGY 1986; 65:A549
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Discussion

The goal of this study was to characterize the phar-
macodynamic interaction between propofol and fen-
tanyl with respect to the suppression of somatic or
hemodynamic responses after three different stimuli:
skin incision, peritoneum incision, or abdominal wall
retraction. The interaction between these agents can
be determined accurately only when data are obtained
after blood and effect-site equilibration of propofol
and fentanyl and when the blood fentanyl concentra-
tion remains constant during the study. The blood and
effect-site equilibration half-time of propofol is short
(2.9 min).§ In our study, the propofol concentration
was maintained for at least 15 min before each stim-
ulation to ensure equilibration between plasma and
the effect-site. The predetermined target fentanyl con-
centration was maintained 30 min before skin inci-
sion. For all 86 patients who participated in this study,
the measured plasma propofol or fentanyl concentra-
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Interaction between Propofol and Fentanyl in Relation  Interaction between Propofol and Fentanyl in Relation to
to Somatic Response to Abdominal Wall Retraction Hemodynamic Response to Abdominal Wall Retraction
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Fig. 7. (4) Increasing concentrations of fentanyl reduced the propofol concentration at which 50% of patients did not respond
somatically to abdominal wall retraction (Cp50ret). () = negative somatic response; @ = positive somatic response. The solid line
shows the interaction of propofol and fentanyl concentration at which 50% of patients did not respond somatically. (B) Increasing
concentrations of fentanyl reduced the propofol concentration at which 50% of patients did not respond hemodynamically to
abdominal wall retraction. O) = negative hemodynamic response (<15% sBP increase from the presurgical baselines); ® = positive
hemodynamic response (>15% systolic blood pressure [sBP] increase from the presurgical baseline). The dashed lines show the
interaction of propofol and fentanyl concentrations at which 50% of patients did not respond hemodynamically at 10%, 15%, and
30% sBP increases from presurgical baseline values.

tion 3 min before stimulation was within +30% of the 4-pg/kg doses of fentanyl. The peaks of predicted effect-
sample obtained just after stimulation. site concentration at corresponding administration in
the reported data were from 4 to 7.5 ug/ml for propofol

Hemodynamic Response to the Interaction of and from 3 to 6 ng/ml for fentanyl. In our study, the
Propofol and Fentanyl without Surgical concentration range from 4 to 7.5 ug/ml for propofol
Stimulation and from 3 to 6 ng/ml for fentanyl existed between 50%

Billard et al'® reported that the propofolinduced  probability lines of 30% sBP decrease and 40% sBP de-
postinduction decrease in sBP was not related to the  crease (fig. 2). Our results are consistent with those from
dose of propofol (from 2 to 3.5 mg/kg) and that there a previous study by Billard et al.'® because a 10% change
was no difference in sBP values between the 2- and from 30% to 40% in sBP decrease is small. However, by

Table 3. Propofol-Fentanyl Interaction; Estimated Cp50 Values of Hemodynamic and Somatic Responses to Skin Incision,

Peritoneum Incision, and Abdominal Wall Retraction

Propofol Cp50 (ug/ml) Fentanyl Cp50 (ng/ml) Slope «
Somatic response to skin incision 13.8 9.7 —2.63 6.8
Somatic response to peritoneum incision 19.4 15.1 -2.9 8.1
Somatic response to abdominal retraction 18.6 28 =29 9.1
15% sBP increase following skin incision Sr il 5.3 =il 3.7
15% sBP increase following peritoneum incision 44.3 9.7 -3.8 3.1
15% sBP increase following abdominal retraction 38 N -4.8 5.8

sBP = systolic blood pressure

Anesthesiology, V 89, No 4, Oct 1998
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Table 4. Results of Multiple Regression Analysis Evaluation of
the Influence of Propofol and Fentanyl Concentration on
Somatic Response

Correlation Coefficient

Somatic Response

Effect to be Tested by Multiple Regression (positive = 1, negative = 0)

Skin incision
Propofol concentration =011l 74]
Fentanyl concentration —0.240*
Peritoneum incision
Propofol concentration =277~
Fentanyl concentration —0.218*
Abdominal wall retraction
Propofol concentration S 08728
Fentanyl concentration 0.063

B PES0I05}

using a wide data range from 1 to 30 pg/ml of propofol
and from 0 to 10 ng/ml of fentanyl concentrations in our
study, we found that a concentration-dependent effect
of propofol on sBP decreases before surgical stimulation
(g 28 tablechiht

Shafer et al.'” reported that the average blood propofol
concentration necessary for major surgery, primarily in-
volving intraabdominal surgery, was 4.05 ug/ml, and the
concentration for minor surgery, mainly urologic sur-
gery, was 2.39 ug/ml when 70% of nitrous oxide and
meperidine were supplemented with propofol. The mi-
nor surgery reported probably did not include perito-
neum incision or abdominal retraction. Vuyk et al.” re-
ported that the Cp50 of alfentanil during propofol
anesthesia was 92 ng/ml for intubation, 55 ng/ml for skin
incision, 84 ng/ml for opening of the peritoneum, and
66 * 38 ng/ml for the intraabdominal part of surgery.”
Therefore, the ratio of alfentanil Cp50pi to Cp50si for
lower abdominal surgery was 1.53. In our study, the
ratios of Cp50pi and Cp50ret to Cp50si were 1.33 and
1.50, respectively. The results of the Cp50s in our study
show that peritoneum incision and abdominal retraction
are clearly more intense stimuli than skin incision. Fen-
tanyl decreased the propofol Cp50s, with 3 ng/ml fent-
anyl reducing the Cp50s from 56% to 76%.

The effects of the interaction between propofol and
fentanyl on hemodynamic response after surgical stimu-
lation were different from the effects on somatic re-
sponse after skin incision, peritoneum incision, and ab-
dominal retraction. The sBP increases after surgical
stimulation were suppressed significantly by fentanyl
(table 1 and figs. 5B, 6B, and 7B). When sufficient sup-
pression of hemodynamic response after surgical stimu-
lation is considered as less than a 30% sBP increase, the

Anesthesiology, V 89, No 4, Oct 1998

hemodynamic response after skin incision is adequately
suppressed if enough propofol or fentanyl for suppres-
sion of somatic response is administered. However, less
than 3 ng/ml fentanyl is not adequate to control hemo-
dynamic response after peritoneum incision or abdomi-
nal retraction, even when sufficient propofol to suppress
somatic response is administered.

Propofol has sedative and hypnotic effects, whereas
fentanyl acts mainly as an analgesic agent, producing
poor sedation, even at high concentrations. Conse-
quently, in combination, fentanyl and propofol supple-
ment one another and provide satisfactory anesthetic
conditions to various noxious stimuli.>

Billard et al.'® found that increasing propofol did not
modify the hemodynamic response to intubation. When
associated with propofol, fentanyl decreased the ampli-
tude of the blood pressure response to various noxious
stimuli.”'® In our study, the depth of anesthesia pro-
vided by propofol is not the main factor in the suppres-
sion of hemodynamic response to skin incision, perito-
neum incision, and abdominal retraction. Somatic-
response suppression correlated mainly with fentanyl
for skin incision, with propofol and fentanyl both for
peritoneum incision, and with propofol for abdominal
retraction (table 4). Propofol significantly decreased sBP
in a concentration-dependent manner, and fentanyl had
no significant effect on sBP when surgical stimulation
did not exist (fig. 2, table 1). When surgical stimulation
existed, fentanyl significantly suppressed increases in
sBP after stimulation, and propofol had no significant
effect on such increases (table 1, figs. 5, 6, and 7).

Fentanyl plasma concentrations of 1 or 2 ng/ml
provide analgesia,'” but levels of at least 2 to 3 ng/ml
usually are necessary during surgery if the only in-
haled agent is nitrous oxide. In our study, we found
that fentanyl requirements during surgery depend on
the kind of stimulation. When somatic response is
controlled, less than 3 ng/ml fentanyl will be sufficient
to control hemodynamic response after skin incision.
However, more than 3 ng/ml fentanyl will be neces-
sary after peritoneum incision or abdominal retrac-
tion, even when somatic response is controlled. In a
study of unpremedicated patients anesthetized with a
fentanyl infusion and 70% nitrous oxide in oxygen, the
concentration of fentanyl necessary to prevent an au-
tonomic response to skin incision was 4.17 ng/ml.”
The reported fentanyl concentrations for suppression
of hemodynamic response with nitrous oxide gener-
ally correspond with the fentanyl concentration com-
bined with propofol in our study.
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Our study clearly shows that propofol reduces intra-
operative analgesic requirements for somatic response
and that a synergistic effect of propofol on hemody-
namic response exists in the three kinds of surgical
stimulation studied. A previous study of propofol sug-
gested that propofol had no analgesic effects.?’ How-
ever, subsequent studies have suggested that propofol
possesses analgesic properties.”’ > Some studies sug-
gest that subhypnotic doses of propofol (0.25 — 0.5
mg/kg) reduce the sensitivity to somatic pain®? and de-
crease the acute pain evoked by argon laser stimula-
tion.”* However, if we define pain as the subjective
conscious perception of nociception, it remains uncer-
tain whether propofol has analgesic effects.

For the stimulus of abdominal wall retraction, few
studies have investigated the pharmacologic property of
the stimulus. In the current study, Cp50ret was obtained
while the abdominal cavity was widened to maximal
exposure by a retractor. There was a synergistic interac-
tion between propofol and fentanyl between somatic
and hemodynamic responses after surgical stimulations.
However, the somatic response correlated mainly with
the propofol concentration, and the hemodynamic re-
sponse correlated mainly with the fentanyl concentra-
tion in all types of stimulation. These results suggest that
pain may not be the main factor for somatic response
after abdominal wall retraction.

The prevention of a hyperhemodynamic state in re-
sponse to surgical stimulation is a basic concern with
clinical anesthesia and is of obvious interest to all clini-
cians. Empirically, many patients show a marked in-
crease in blood pressure during the early phase of ab-
dominal surgery, even those who are administered a
sufficient anesthetic dose for skin incision. When spe-
cific somatic and hemodynamic responses for surgical
stimulations are considered at once, more fentanyl will
be necessary for peritoneum incision than for skin inci-
sion, and more propofol and fentanyl will be necessary
for abdominal wall retraction.

In conclusion, this study quantified somatic and hemo-
dynamic reactions to skin incision, peritoneum incision,
and abdominal wall retraction. Peritoneum incision and
abdominal retraction stimuli were 1.33 to 1.50 times
more intense than skin incision. Somatic responses were
different than hemodynamic responses. Sufficient con-
centrations to prevent the somatic responses to skin
incision are not always sufficient to attenuate the hemo-
dynamic reaction after peritoneum incision and abdom-
inal retraction, especially less than 3 ng/ml fentanyl.
Although skin incision still can be used to represent all
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noxious stimuli in nonabdominal surgery, anesthesia re-
quirements for stimuli that are more intense than skin
incision should be considered during abdominal surgery.

The authors thank Drs. S. L. Shafer (Stanford University) and P. S. A.
Glass (Duke University) for help with the data analysis.
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