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Interactions of propofol and remifentanil on bispectral
index under 66% N,O: analysis by dose-effect curve,
isobologram, and combination index
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Department of Anesthesiology and Pain Medicine, 'Seoul Medical Center, ’Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul, Korea

Background: Propofol and remifentanil are usually co-administered and have shown synergistic effect for
anesthesia. However, the synergistic effect of the two drugs on hypnosis measured by bispectral index (BIS) was
controversial in previous studies. The aim of this study was to identify the interaction of propofol and remifentanil on
BIS and the optimal dose combinations for hypnosis under 66% N,O during surgery.

Methods: Patients (age 55—75 and American Society of Anesthesiologists [ASA] 1—2) undergoing gastrectomy were
enrolled in this study. Propofol and remifentanil were co-administered incrementally at 1 : 1 potent ratio (the P1R1
group), at 1 : 2 potent ratio (the P1R2 group), or at 2 : 1 potent ratio (the P2R1 group) using effect site target-controlled
infusion and BIS was measured. 66% N,O was concomitantly administered to all groups. The dose-effect curves, the
90% effective dose (EC,,) for adequate hypnosis (BIS 40), isobolograms and combination index were obtained by
Calcusyn program (Biosoft) to reveal the interaction of propofol and remifentanil.

Results: The P2R1 group showed synergistic action on BIS. However, the other groups needed larger amount of each
drug than the doses of additive action. The EC,, of the P2R1 group was propofol, 3.34 pg/ml and remifentanil, 2.41
ng/ml under 66% of N,O.

Conclusions: Propofol dominant co-administration is needed for dose reduction in BIS guided hypnosis. (Korean J
Anesthesiol 2010; 59: 371-376)
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Interaction between propofol and remifentanil

Introduction

Propofol and remifentanil are commonly co-administered in
intravenous anesthesia and have shown a synergistic effect [1,2].
However, reports on hypnotic interaction between propofol and
remifentanil measured by bispectral index (BIS) have been a
few and contradictory [3-7].

The combination index (CI), dose-effect curve and
isobologram have been used in many biomedical studies to
evaluate drug interactions and to determine the optimal doses
of combined injection [8-10]. However, there have been few
studies employing these parameters to analyze the interactions
of propofol and remifentanil.

Therefore, in this study, we determined the interaction of the
two drugs on BIS and the best hypnotic dose combinations
using dose-effect curve, isobologram, and CI on patients
undergoing a gastrectomy.

Materials and Methods

This study was approved by the hospital ethics committee
and informed consent was obtained from the patients. Patients
undergoing an open gastrectomy were randomly assigned by
sealed envelope technique into the propofol : remifentanil 1 : 1
potent ratio (P1R1) group (n = 20), the propofol : remifentanil
1: 2 potent ratio (P1R2) group (n = 20) and the propofol :
remifentanil 2 : 1 potent ratio (P2R1) group (n = 20). The
inclusion criteria were American Society of Anesthesiologists
(ASA) 1 or 2 patients between the ages of 55 and 75. The
exclusion criteria were patients with severe cardiovascular,
renal, hepatic, or neuropsychiatric diseases, and a history of
addiction or allergic reactions to opioids and sedatives. Patients
and an anesthesiologist evaluating the BIS were blinded to
the group assignment. Modulation of the infusion pump was
carried out by another anesthesiologist outside of the anesthetic
field. The demographic profiles and the operation-related data
were similar in all three groups.

No patient received premedication. Routine intraoperative
monitoring and a BIS monitor version 2.1 (A-2000, Aspect
medical Systems, Natick, MA, USA) were applied. The baseline
mean blood pressure, heart rate, and BIS were measured when
the patient was stable before inducing anesthesia. A routine
anesthetic induction was conducted using lidocaine 40 mg,
propofol 2.5 mg/kg, rocuronium 0.6 mg/kg and sevoflurane.

Study to construct the dose-effect curves was performed after
the retractor had been applied and during surgical stimuli was
similarly maintained. Sevoflurane was washed out, while N,0
2 L/min and O, 1 L/min were started. When the BIS reached
70, the designated drugs were started according to the groups.
The drugs were administered by effect site target concentration
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using an Orchestra pump (OrchestraTM, Fresenius Vial, France).
No other opioids or sedatives were used during the study.

In the previous study of Kim and Ahn [11] with the same
setting with this study, the EC;, of propofol and remifentanil
single administration was effect site concentration 1.34 pg/ml
and 1.93 ng/ml, and the EC,, was effect site concentration 4.73
pg/ml and 12.93 ng/ml, respectively. Based on this EC;,, the
P1R1 group received an equipotent drug infusion; 1/4 x ECy, of
each drug was co-administered, and the dose was increased to
1/2 x ECs, ECy, 1.5 x ECy, and 2 x EC;, at 6 minute intervals.
The P1R2 group received a remifentanil dominant infusion;
1/4 x EC;, of propofol and 1/2 x EC;, of remifentanil were co-
administered, which were increased to 1/2 x EC;, and EC,,, EC;,
and 2 x EC,,, 1.5 x EC, and 3 x EC,, at 6 minute intervals. The
P2R1 group received a propofol dominant infusion; 1/2 x EC;, of
propofol and 1/4 x EC;, of remifentanil were co-administered,
which were increased at 6 min intervals to EC;, and 1/2 x ECy,, 2
x EC;, and EC,,, 3 x EC, and 1.5 x ECy,,.

The BIS were measured at the end of every six minutes (6
minutes : 6 times of the blood-effect site equilibration half-time
(T,,.k,,) of remifentanil [12], 3 times of the [T, ,,k,,] of propofol
[13]). The BIS values were calculated by averaging the three
epochs immediately before the assessment.

The dose-effect curves, isobologram, and CI of co-admini-
stration groups were constructed using the multiple drug-
effect equation suggested by Chou-Talalay using the Calcusyn
program (Biosoft, Cambridge, UK) [9]. Targeted BIS was 40 (BIS
= 40, effect = 1) and effect 0 was the mean baseline BIS (BIS =
97.3, effect = 0).

(£)12/(£)12 = [(D)1/(ECso); + (D),/ (ECso),]™
Where (D),, (D), : the dose of drug 1 and 2, (EC,),, (EC,),:
the median-effect dose of drug 1 and 2, (f,), ,: the fraction
affected by the dose of drug 1 and 2, (f ), ,: the fraction
unaffected by the dose of drug 1 and 2, fu=1 — f, m: an
exponent signifying the sigmoidicity (shape) of the dose-
effect curve.

CI=(D),/(Dx), + (D),/(Dx),
Where (Dx),: dose of D, drug alone that affect a system x%.
(Dx),: dose of D, alone that affect a system x%. (D),: dose of
D, in combination that affect a system x%. (D),: dose of D,
in combination that affect a system x%.

The CI shows the type of interaction of the combined drugs.
Usually, a CI in the range of 0.9 and 1.1 is considered to be an
additive action. A CI < 0.9 and CI > 1.1 indicate synergism and
antagonism, respectively.

The isobologram is a convenient graphical display, in which
equipotent pairs of the doses of two drugs are connected by
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a line, which represents the additive activity between the
two drugs. Synergism or antagonism was considered to exist
between the two drugs if the dose of the combined drugs was
lower or higher than this line, respectively [8].

Data analysis

The primary outcome variable was the difference in the CI
at EC,, between the three groups. The expected differences in
means were set at 0.5 with an expected standard deviation of
0.5. A sample size of 20 in each group was required to achieve
a power of 80% with an alpha error of 0.05. A z-test with
Bonferroni's correction was carried out to compare the CI in the
three groups. The comparisons of the effect site concentrations
between the co-administration groups were performed by One
way analysis of variance or Kruskal-Willis one way analysis of
variance on ranks according to the normality of the data. A P
value < 0.05 was considered significant.

Results

No differences in demographic data were evident among the
three groups (Table 1).

Table 1. Demographic Data

Group P1R1 Group P1R2 Group P2R1
Age (yr) 63.1+6.0 65.9+6.1 65.1+5.4
Weight (kg) 63.9+10.6 63.6+9.3 62.4+11.9
Height (cm) 163.7 + 6.9 162.8 +7.4 162.0 + 8.8
Sex (M/F) 16/4 16/4 16/4
Duration of 169.5 +25.6 165.6 £ 32.2 192.2 £52.7

anesthesia (min)

Duration of 144.1 £21.9 138.5 +26.3 164.5 +47.3

operation (min)

Values are mean SD or number of patients. There were no differences
between the groups. P1R1: propofol : remifentanil 1: 1 potency, P1R2:
propofol : remifentanil 1 : 2 potency, P2R1: propofol : remifentanil 2 :
1 potency, M: male, F: female.

Table 2. The Effect Site Concentration and BIS
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Mean blood pressure and heart rate were lower in the P1R2
group compared to the other groups (Fig. 1).

Each effect site concentration and the corresponding BIS in
the three groups were shown in the Table 2.

In our study, synergism is defined better efficacy than a
simple additive action shown in isobologram and CI < 0.9. In
this regard, only the P2R1 group showed synergism. Higher
effect site concentration of each drug than that in additive
action was needed in other dose combinations (Table 3, Fig.
2—4).

The EC,, of the P2R1 group was propofol, effect site
concentration 3.34 pg/ml and remifentanil, effect site
concentration 2.41 ng/ml under 66% N,O (Table 3, Fig. 3).

Discussion

Most previous studies used arbitrary chosen dose combi-
nations of propofol and remifentanil [3-7]. We used propofol
and remifentanil 1:1,1:2, and 2 : 1 ratio combinations based on

105 -
n 951 —a— MBP-P1R1
s - —— MBP-P1R2
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Fig. 1. Hemodynamic changes. *P < 0.05 compared to 15, 30, 45, 60
minutes in the P1R2 group. TP < 0.05 between the PIR2 and P2R1
group. P1R2: propofol : remifentanil 1 : 2 potency, P2R1: propofol :
remifentanil 2 : 1 potency.

Group P1R1 Group P1R2 Group P2R1
Propofol Remifentanil Propofol Remifentanil Propofol Remifentanil
EC EC BIS EC EC BIS EC EC BIS
(ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml)
0.3 0.5 71.3 0.3 1.0 71.9 0.7 0.5 68.2
0.7 1.0 68.9 0.7 1.9 64.3 1.3 1.0 63.7
1.3 1.9 61.3 1.3 3.9 54.0 2.7 1.9 51.4
2.0 2.9 54.1 2.0 5.8 47.2 4.0 2.9 40.9
2.6 3.9 46.6

Values are mean. BIS: bispectral index, P1R1: propofol : remifentanil 1 : 1 potency, P1R2: propofol : remifentanil 1 : 2 potency, P2R1: propofol :

remifentanil 2 : 1 potency, EC: effect site concentration.

www.ekja.org

373 Kja



Interaction between propofol and remifentanil

Table 3. EC;,, EC,,, CI, and DRI
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CI
EC,,

EC;, EC,,

EC;,
Single drug Propofol 1.34(0.98—1.82)
Remifentanil 1.93 (1.52—2.45)
Group P1R1 Propofol 0.50 (0.27—0.93)*
Remifentanil 0.72 (0.42—1.27)*
Group P1R2 Propofol 0.42 (0.30—0.59)*
Remifentanil 1.21 (0.80—1.85)*
Group P2R1 Propofol 0.89 (0.42—1.85)
Remifentanil 0.64(0.34—1.18)*

4.73(3.75-6.03)
12.93 (10.93—14.73)

4.16 (3.00—5.40) 0.75 (0.25)" 1.34 (0.66)
5.99 (4.66—8.49)*

2.97 (2.01—3.80)* 0.94 (0.19) 1.29 (0.37)
8.56 (6.80—10.36)*

3.34(2.02—4.20)* 0.99 (0.40) 0.89(0.22)"

2.41 (1.41-3.32)*

Values are mean (95% confidence limit) or (SD). EC,,: Median effective dose, EC,,: 90% effective dose, CI: combination index, P1R1: propofol
: remifentanil 1 : 1 potency, P1R2: propofol : remifentanil 1 : 2 potency, P2R1: propofol : remifentanil 2 : 1 potency. *P < 0.05 compared to the
single drug administration. P <0.05 compared to the P1R2 and P2R1 groups, fP<0.05 compared to the P1R1 and P1R2 groups.

Dose-effect curve of propofol

Effect

—P
---- P1R1

0.0 T T T
0 2.0 4.0 6.0 8.0 10.0

Propofol (ng/ml)

Fig. 2. The dose-effect curve of propofol of the P1R1, P1R2, and P2R1
groups. The effect site concentration of propofol in the P1R1, P1R2,
and P2R1 groups and the hypnotic effect are shown as the X and Y
axes, respectively. The P2R1 group required the lowest effect site
concentration of propofol for ECy,. P1R1: propofol : remifentanil 1 : 1
potency, P1R2: propofol : remifentanil 1 : 2 potency, P2R1: propofol :
remifentanil 2 : 1 potency, EC,,: 90% effective dose.

potency to find out whether propofol or remifentanil dominant
co-administration or the same potent co-administration of
each drug would be more synergistic. Most previous studies
also did not include N,O in their studies, however, N,O is
routinely administered in our institution and in many others
during propofol and remifentanil anesthesia. To reflect clinical
practice, we administered 66% N,O simultaneously.

In this study, the P2R1 group was found to be the most
effective combination for adequate hypnosis measured by BIS
and the effect site concentration at EC,, was propofol, 3.34 g/
ml and remifentanil, 2.41 ng/ml under 66% N,O.

In general, most studies on the co-administration of propofol
and remifentanil have reported synergism. They used the
clinical responses, such as Observer Assessment of Alertness/
Sedation, autonomic, hemodynamic, or somatic responses to
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Dose-effect curve of remifentanil
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Fig. 3. The dose-effect curve of remifentanil of the P1R1, P1R2, and
P2R1 groups. The effect site concentration of remifentanil in the
P1R1, P1R2, and P2R1 groups and the hypnotic effect are shown as
the X and Y axes, respectively. The P2R1 group required the lowest
effect site concentration of remifentanil for EC,,. P1R1: propofol :
remifentanil 1 : 1 potency, P1R2: propofol : remifentanil 1 : 2 potency,
P2R1: propofol : remifentanil 2 : 1 potency, EC,,: 90% effective dose.

various stimuli as a potency measurement of the combined
drugs [1,2,14,15].

The studies regarding the interactions of propofol and
remifentanil on the BIS showed controversial results. Strachan
and Edwards [3], Koitabashi et al. [4], and Ropcke et al. [5]
showed the dose-dependent decrease in the BIS or a decrease
in the propofol requirements to maintain a certain BIS with
increasing remifentanil concentrations and presented them
as evidence of synergism. On the contrary to above reports,
Lysakowski et al. [16] and Guignard et al. [7] found that the
relationship between propofol effect-site concentration and
BIS was preserved with or without opioids. Wang et al. [6]
also found that an infusion of remifentanil did not reduce the
propofol requirements.

In our study, the addition of remifentanil reduced the propofol
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P1R1

Propofol (ng/ml)
w

0.0 T
0 5 10 15

Remifentanil (ng/ml)

Fig. 4. Isobologram. The EC,, for single administration were placed on
the X- and Y-axes with the 95% confidence limits. The dashed lines
connecting both EC,, represents the theoretical line of additivity.
The ® in the middle of the graph depict the experimentally derived
EC,, in each group with the 95% confidence limits as error bars. The
isobologram shows the synergistic interaction in the P2R1 group,
and the antagonistic interaction in the P1R1 and P1R2 groups at
ECyo. ECyy: 90% effective dose, P2R1: propofol : remifentanil 2 : 1
potency, P1R1: propofol : remifentanil 1 : 1 potency, P1R2: propofol :
remifentanil 1 : 2 potency.

requirement and vise versa in all three groups (Table 3, Fig. 2
and 3). However, synergism should be defined as lower doses
than the doses of additive action. In this regard, only the P2R1
group showed synergism at the hypnotic level of BIS. The
P1R1 and P1R2 groups required larger doses than the doses of
additive action (Table 3, Fig. 4).

No synergistic effect in the P1R1 and P1R2 groups might be
explained by that opioids have a ceiling effect on EEG. Once
this ceiling effect has been reached, increasing opioid dosage
does not further affect the EEG [17]. For another possible
reason, opioids induce neuroexcitatory phenomena (sharp
and spike wave activity) on EEG after large doses [18] which
can be interpreted as high BIS values. Therefore, as a simplified
EEG measurement, BIS might not reflect the real hypnotic or
anesthesia in the case of equipotent infusion of propofol and
remifentanil or remifentanil dominant infusion. And our result
implies that only propofol dominant co-administration is
advisable to reduce the amount of each drug during BIS guided
anesthesia.

The limitations of our study include the use of sevoflurane
before the start of study. We used sevoflurane because we
assumed that sevoflurane which is more rapidly eliminated
from the body than intravenous anesthetics would affect less on
the intravenous concentration of studied drugs. All the groups
had the same sevoflurane which was almost washed out during
the study period. The end tidal concentration of sevoflurane
was 0.10—0.20 vol% when the study started. However, remnant
sevoflurane might have affected on BIS. For another limitation,
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we administered 66% N,O to all groups to reflect our clinical
practice. There have been controversies regarding the effect
of N,O on BIS. Some insisted that N,O up to 70% does not
affect the BIS [19]. However, addition of N,O to propofol and
remifentanil co-administration deepened anesthesia and
prevented movement without affecting BIS [20]. In the contrary,
others demonstrated significant changes on BIS by N,O [21].
Therefore, N,0 might have influenced our results, however, with
keeping the N,O concentrations similar among three groups,
the focus of our study-interaction of propofol and remifentanil
on BIS is still considered valid.

In conclusion, the propofol dominant-infusions are
recommended for a BIS guided hypnosis and the addition of
high dose-remifentanil might not result in synergistic dose
reduction on BIS guided anesthesia.

References

—

. Mertens M]J, Olofsen E, Engbers FH, Burm AG, Bovill JG, Vuyk J.
Propofol reduces perioperative remifentanil requirements in a
synergistic manner: response surface modeling of perioperative
remifentanil-propofol interactions. Anesthesiology 2003; 99: 347-
59.

2. Mustola ST, Baer GA, Neuvonen PJ, Toivonen KJ. Requirements of
propofol at different end-points without adjuvant and during two
different steady infusions of remifentanil. Acta Anaesthesiol Scand
2005; 49: 215-21.

3. Strachan AN, Edwards ND. Randomized placebo-controlled trial
to assess the effect of remifentanil and propofol on bispectral index
and sedation. Br ] Anaesth 2000; 84: 489-90.

4. Koitabashi T, Johansen JW, Sebel PS. Remifentanil dose/electro-
encephalogram bispectral response during combined propofol/
regional anesthesia. Anesth Analg 2002; 94: 1530-3.

5. Ropcke H, Kénen-Bergmann M, Cuhls M, Bouillon T, Hoeft A.
Propofol and remifentanil pharmacodynamic interaction during
orthopedic surgical procedures as measured by effects on bispectral
index. J Clin Anesth 2001; 13: 198-207.

6. Wang LP, McLoughlin P, Paech MJ, Kurowski I, Brandon EL. Low
and moderate remifentanil infusion rates do not alter target-
controlled infusion propofol concentrations necessary to maintain
anesthesia as assessed by bispectral index monitoring. Anesth
Analg 2007; 104: 325-31.

7. Guignard B, Menigaux C, Dupont X, Fletcher D, Chauvin M.
The effect of remifentanil on the bispectral index change and
hemodynamic responses after orotracheal intubation. Anesth
Analg 2000; 90: 161-7.

8. Tallarida RJ, Porreca F, Cowan A. Statistical analysis of drug-drug
and site-site interactions with isobolograms. Life Sci 1989; 45: 947-61.

9. Chou TC. Theoretical basis, experimental design, and computerized
simulation of synergism and antagonism in drug combination
studies. Pharmacol Rev 2006; 58: 621-81.

10. Luszczki JJ, Czuczwar SJ. Preclinical profile of combinations of some

second-generation antiepileptic drugs: an isobolographic analysis.

Epilepsia 2004; 45: 895-907.

375 Kja



Interaction between propofol and remifentanil

11.

12.

13.

14.

15.

Kim WH, Ahn HJ. The interaction between remifentanil and
propofol during total intravenous anesthesia and the adequate
effect site concentration. Korean J Anesthesiol 2008; 54: 139-45.
Egan TD, Minto CF, Hermann D]J, Barr J, Muir KT, Shafer SL.
Remifentanil versus alfentanil: comparative pharmacokinetics
and pharmacodynamics in healthy adult male volunteers.
Anesthesiology 1996; 84: 821-33.

Kazama T, Ikeda K, Morita K, Kikura M, Doi M, Ikeda T, et al.
Comparison of the effect-site k(eO)s of propofol for blood pressure
and EEG bispectral index in elderly and younger patients.
Anesthesiology 1999; 90: 1517-27.

Drover DR, Litalien C, Wellis V, Shafer SL, Hammer GB.
Determination of the pharmacodynamic interaction of propofol
and remifentanil during esophagogastroduodenoscopy in children.
Anesthesiology 2004; 100: 1382-6.

Kern SE, Xie G, White JL, Egan TD. A response surface analysis of
propofol-remifentanil pharmacodynamic interaction in volunteers.
Anesthesiology 2004; 100: 1373-81.

Kja 376

Vol. 59, No. 6, December 2010

16. Lysakowski C, Dumont L, Pellegrini M, Clergue F, Tassonyi E.

1

1

1

2

2

7.

8.

©

0.

—_

Effects of fentanyl, alfentanil, remifentanil and sufentanil on loss of
consciousness and bispectral index during propofol induction of
anaesthesia. Br ] Anaesth 2001; 86: 523-7.

Chi OZ, Sommer W, Jasaitis D. Power spectral analysis of EEG during
sufentanil infusion in humans. Can J Anaesth 1991; 38: 275-80.
Fukuda K. Intravenous opioid anesthetics. In: Miller's Anesthesia.
6th ed. Edited by Miller RD: Philadelphia, Elsevier Churchill
Livingstone. 2005, pp 390-1.

.Rampil IJ, Kim JS, Lenhardt R, Negishi C, Sessler DI. Bispectral EEG

index during nitrous oxide administration. Anesthesiology 1998; 89:
671-7.

Coste C, Guignard B, Menigaux C, Chauvin M. Nitrous oxide prevents
movement during orotracheal intubation without affecting BIS
value. Anesth Analg 2000; 91: 130-5.

. Karalapillai D, Leslie K, Umranikar A, Bjorksten AR. Nitrous oxide

and anesthetic requirement for loss of response to command
during propofol anesthesia. Anesth Analg 2006; 102: 1088-93.

www.ekja.org



