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Background: Propofol sedation using target-controlled infusion (TCI) system can be used in MAC (Monitored Anesthesia 

Care). Remifentanil is an ultra-short-acting opioid that is advantageous in combination with propofol due to its rapid onset and 

offset times and analgesic effect. The present study sought to identify the EC50 of propofol for ‘loss of response to command' 

when administered alone or with 2 or 3 ng/ml remifentanil using TCI. 

Methods: Seventy patients were randomly allocated to one of three treatment groups: Group 1 = propofol only (n = 20), 

Group 2 = propofol plus 2 ng/ml remifentanil (n = 25) and Group 3 = propofol plus 3 ng/ml remifentanil (n = 25). The EC50 

was determined by calculating the mean of the midpoint dose of all independent pairs of patients who manifested crossover from 

‘response to command’ to ‘loss of response to command’.

Results: The EC50 of propofol was found to be 3.41 ± 0.25μg/ml in Group 1, 2.04 ± 0.22μg/ml in Group 2, and 1.98 ± 

0.15μg/ml in Group 3. Statistical analysis showed the EC50 for Group 1 was higher than those for Groups 2 and 3, and that 

the EC50 of latter groups were similar.

Conclusions: Using the modified Dixon's up and down method, the present study estimated the EC50 of propofol for ‘loss 

of response to command’ when remifentanil was infused in analgesic doses using TCI. Those concentrations can safely and 

effectively generate sedation and analgesia without clinically significant side effects in MAC. (Korean J Anesthesiol 2008; 54: 

S 16∼21)
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INTRODUCTION

  Monitored Anesthesia Care (MAC) can be maintained using 

hypnotics or analgesics. Propofol, a widely used intravenous 

hypnotic, rapidly induces sedation and has rapid recovery profile. 

However, propofol is not an analgesic, and high doses are 

often required during painful procedures. Remifentanil is an 

ultra-short-acting opioid which has advantages over other opioids 

in terms of rapid onset and offset times, which make it suitable 

for administration via continuous infusion.1) However, remifen-

tanil occasionally causes awareness of events. Many studies 

have investigated the use of combined sedatives and analgesics 

such as propofol and remifentanil in terms of effective doses, 

recovery profile and side-effects.2)

  Propofol administration via target-controlled infusion (TCI) 

can result in the administration of higher doses of propofol 

compared with manual adminiatration systems in the initial 

period of anesthesia.3) However, recently developed TCI systems 

allow easy alteration of anesthesia depth with improved cardio-

vascular and respiratory stability.

  The present study investigated the EC50 of propofol for ‘loss 

of response to command’ under bispectral index (BIS) moni-

toring in MAC. The study also examined the effect of co-ad-

ministration of 2 or 3 ng/ml remifentanil for analgesia on the 

EC50 of propofol. 
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Table 1. Demographic Data

Group 1 Group 2 Group 3

No. of patients     20     25     25

Age (yr) 36.2 ± 11.4 44.3 ± 10.4 46.6 ± 9.4

Weight (kg) 59.2 ± 10.3 67.1 ± 10.8 58.6 ± 6.1

Values are mean ± SD. Group 1: propofol only, Group 2: 
propofol plus 2 ng/ml remifentanil and Group 3: propofol plus 3 
ng/ml remifentanil.

MATERIALS AND METHODS

  The study enrolled 70 male and female patients of ASA 

class I or II, aged 18−60 years. Written informed consent 

was obtained from all patients and the study was approved 

Hopital Ethics Committees. Excluded were those receiving 

analgesic or sedative medication or with a body mass index 

＞ 30 kg/m2. All Patients were scheduled to undergo minor 

surgery. No premedication was administered. Patients were 

randomly allocated to one of three treatment groups using 

random number tables: Group 1 = propofol only, Group 2 = 

propofol plus 2 ng/ml remifentanil and Group3 = propofol plus 

3 ng/ml remifentanil. All treatments were administered using 

TCI.

  Blood pressure, heart rate and oxygen saturation were 

measured non-invasively every 3 minutes. Inspired and expired 

gas concentrations including end-tidal carbon dioxide were also 

monitored. All patients inhaled 100% oxygen via a close-fitting 

facemask. The propofol target blood concentration was 3μg/ml 

for each group. The target concentration for each patient was 

determined using the up and down method (with 0.2μg/ml as 

a step size) depending on the response of the previous patients 

in the same group. TCI of propofol and remifentanil (Dipri-

fusorⓇ; Astra-Zeneca, Macclesfield, United Kingdom) used the 

Marsh et al.
4) and the Minto et al.5) Pharmacokinetic data set 

each other. The Marsh variable set was chosen due to its accu-

racy and reliability6,7) and because it is widely used in all current 

commercially available TCI systems.

  After reaching the predetermined propofol blood and effect-site 

concentrations, the levels were held constant for 10 minutes to 

allow an equilibrium to be established. Sedation depth was 

monitored through continuous use of the bispectral index (BIS; 

A-1050, Version 3.4; Aspect Medical Systems, Newton, MA, 

USA). BIS data were collected at pre-infusion, the point at 

which the predetermined propofol blood and effect-site concen-

trations were the same and 10 minutes after reaching predeter-

mined concentration. At that 10 minutes point, the patient was 

gently tapped on the shoulder and asked to open their eyes. 

The request was repeated three times at 5 seconds intervals. 

The response was assessed by an observer who was blind to 

the randomization and target propofol concentration. A response 

to command was defined as a patient’s opening their eyes 

after any of three requests. The apnea ＞ 20 seconds or SpO2 

＜ 90% was included in the ‘loss of response to command’ 

and immediately induction of anesthesia proceeded according to 

the type of surgery. All episodes of bradycardia (heart rate ＜ 

80% of baseline), tachycardia (heart rate ＞ 120% of baseline), 

hypotension (blood pressure ＜ 80% of baseline) and hyper-

tension (blood pressure ＞ 120% of baseline ) were recorded.

  The modified Dixon’s up and down method was used in 

this study and has been used in other anesthesia studies8,9) 

(e.g. movement upon insertion of the airway device). The EC50 

was determined by calculating the mean of the midpoint dose 

of all independent pairs of patients who manifested crossover 

from ‘response to command’ to ‘loss of response to command’ 

after eight crossover points in each groups.

  Data were analyzed using SPSS 10.0. A predicted EC50 of 

propofol for ‘loss of response to command’ in each group was 

analyzed using unpaired Student’s t-tests. The demographic 

data, heart rate, blood pressure and BIS data were compared 

using a two-factor ANOVA with repeated measures on one 

factor. Results are expressed as mean ± SD unless otherwise 

stated. P ＜ 0.05 was considered to indicate a significant diffe-

rence.

RESULTS

  The study involved 70 patients: 20 in Group 1 (propofol 

only), 25 in Group 2 (propofol plus 2 ng/ml remifentanil) and 

25 in Group 3 (propofol plus 3 ng/ml remifentanil). The 

groups were well matched for gender, age, weight, height and 

BMI (Table 1). No patient experienced clinically significant 

hemodynamic changes during the study (Table 2).

  The predicted EC50 of propofol was 3.41 ± 0.25μg/ml in 

Group 1, 2.04 ± 0.22μg/ml in Group 2, and 1.98 ± 0.15μg/ 

ml in Group 3 (mean ± SD). Statistical analysis showed the 

predicted EC50 of propofol for Groups 2 and 3 were similar, 

and that they were lower than that for Group 1 (P ＜ 0.05).

  Dose-response data for each groups which were obtained using 

the up and down method are shown Fig. 1−3. Individual 
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Table 2. EC50 of Propofol, Hemodynamic and BIS Data of Investigated Groups

Group 1 Group 2 Group 3

Crossover MP  3.41 ± 0.25  2.04 ± 0.22  1.98 ± 0.15

BIS Before induction  96.9 ± 2.5  95.3 ± 2.5  94.9 ± 3.6

On target concentration   85 ± 13   84 ± 9.4  83.6 ± 10

10 min after target concentration   57 ± 16.3  66.8 ± 7.6  71.6 ± 9.8

Before induction 127.7 ± 8.4 136.1 ± 19.9 140.7 ± 9.4

Systolic BP On target concentration 116.3 ± 4.3 126.3 ± 13.6 129.5 ± 8.5

  (mmHg) 10 min after target concentration 102.5 ± 3.1 104.8 ± 12.4 100.3 ± 3.8

Before induction  77.7 ± 11.6   80 ± 13.4   82 ± 11.6

Diastolic BP On target concentration  68.6 ± 9.3  76.4 ± 1.6  76.3 ± 12.3

  (mmHg) 10 min after target concentration  58.1 ± 9.7  59.4 ± 8.7  57.4 ± 7.9

Heart rate Before induction   80 ± 18   75 ± 13  77.5 ± 15.2

  (bpm) On target concentration   76 ± 16   73 ± 13  71.4 ± 13.4

10 min after target concentration  68.5 ± 13  64.6 ± 7.1  62.5 ± 10.8

Values are mean ± SD. Group 1: propofol only, Group 2: propofol plus 2 ng/ml remifentanil and Group 3: propofol plus 3 ng/ml 
remifentanil. BIS: bispectral index, BP: blood pressure, Crossover MP: crossover midpoint (μg/ml).

Fig. 1. Group 1 responses as determined using a modified Dixon’s 

up and down method. Arrows indicate the midpoint dose of all 

independent pairs of patients who manifest crossover from ‘response 

to command’ to ‘loss of response to command'.

Fig. 2. Group 2 responses as determined using a modified Dixon’s 

up and down method. Arrows indicate the midpoint dose of all 

independent pairs of patients who manifest crossover from ‘response 

to command’ to ‘loss of response to command’.

changes in BIS values measured 10 minutes after reaching the 

predetermined concentration are shown in Fig. 4. Correlations 

between BIS values 10 minutes after reaching the predetermined 

concentrations and the effect site concentration of propofol for 

each group are shown in Fig. 5. There was an inverse correlation 

between BIS values and propofol concentrations (Group 1: r2 = 

0.203, P = 0.046; Group 2: r
2 = 0.526, P = 0.000; Group 3: 

r2 = 0.288, P = 0.007).

DISCUSSION

  While MAC is becoming the preferred anesthetic technique 

for simple or superficial surgery, it is no less risky than 

general anesthesia. Providing safe and effective sedation and 

analgesia for patients with multiple medical problems can be 

challenging.10) The characteristics of the ideal sedative/analgesic 

are that it should optimize execution of the surgical procedure 

by minimizing patient movement, maximizing patient comfort, 

and have no side effects. Mostly, a combination of an opioid, 
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Fig. 3. Group 3 responses as determined using a modified Dixon’s 

up and down method. Arrows indicate the midpoint dose of all 

independent pairs of patients who manifest crossover from 

‘response to command’ to ‘loss of response to command’.

Fig. 4. BIS values measured 10 min after reaching the prede-

termined concentration in each group.

Fig. 5. The effect-site concentration of propofol (μg/ml ) vs, BIS 

values measured 10 min after reaching the predetermined concen-

tration. The scatter diagram shows a significant correlation between 

BIS values and propofol concentrations for each groups. *: BIS 

score after 10 min of predetermined concentrations attainment.

such as fentanyl, sufentanil or morphine, to provide analgesia 

and a benzodiazepine or propofol to provide sedation is used.

  Propofol is widely used as intravenous hypnotic as it rapidly 

induces sedation and has a rapid recovery profile. Propofol is 

also an anesthetic drug with a dose-effect ranging from sedation 

to loss of consciousness. However, propofol is not an analgesic 

and high doses are often required during painful procedures, 

with the required dose proportional to the intensity of noxious 

stimulation.11) For that reason remifentanil, an ultra-short-acting 

opioid, is a useful adjunct with propofol. While several 

investigations have evaluated the pharmacodynamic interactions 

during TCI of propofol and manual controlled infusion (MCI) 

of remifentanil for total intravenous anesthesia.12,13) However 

there are few reports examining the requirements when both 

drugs are administered via TCI. Andrea et al.14) demonstrated 

that the target-controlled concentration of remifentanil to blunt 

sympathetic responses to tracheal intubation in 50% of patients 

when combined with a BIS-guided TCI of propofol was as 

large as 5 ng/ml, whereas the required effect-site concentration 

of remifentanil producing the same effect during surgery 

decreased to 2 ng/ml. Therefore the present study examined the 

effect site concentrations of remifentanil at 2 ng/ml and 3 

ng/ml in terms of effective analgesic dose for the minimal 

procedures.

  Traditionally propofol infusions have been administered using 

a MCI involving a bolus dose followed by continuous infusion.15) 

However, the development of TCI techniques and the availa-

bility of new syringe pumps enable rapid establishment and 

maintenance of the desired predicted concentration in the chosen 

compartment.16) Although the initial calibrated bolus is larger 

in the TCI system than the MCI system, the target concen-

tration should titrate to the required end point, avoiding any 

overshooting in the TCI system. Therefore, induction is prolon-

ged but can be achieved using a smaller dose and with fewer 

initial adverse effects.17,18) Use of the TCI system was asso-

ciated with an infrequent incidence of responsiveness, an in-

creased hemodynamic stability, a decreased respiratory depression, 

and a shorter recovery than the MCI regimen of propofol. 

Therefore, TCI of propofol is a safe and effective anesthetic 

technique which is superior to MCI for MAC. 
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  A limitation of the present study is the possibility of un-

derestimation of the actual propofol plasma concentration. 

Wietasch et al.19) reported that the use of either Marsh et al.’s 

or Schnider et al.’s variable set leads to underestimation of 

propofol plasma concentrations during induction and main-

tenance of anesthesia. So the predicted concentrations achieved 

by the TCI for the present study should be underestimated 

actually.

  There is always a risk of over-sedation in MAC due to the 

narrow therapeutic range of the sedatives and analgesics. Using 

clinical monitoring that relies on speech and facial expressions 

to assess the level of sedation is often difficult due to ina-

ccessibility during minimal procedures. BIS monitoring provides 

updated information that enables a stable level of sedation and 

analgesia to be achieved and maintained. BIS values under a 

constant level of an analgesic sedative regimen not only 

indicated the hypnotic component but simultaneously reflected 

the degree of opioid-induced inhibition of noxious stimuli 

created using a pain-inducing cortical arousal technique.20) In 

addition, BIS correlates with TCI propofol concentration during 

emergence and recovery.21,22) BIS has been used successfully to 

titrate anesthetic agents individually in order to reduce consum-

ption and accelerate recovery.23) It has also been shown that 

higher BIS values during propofol sedation correlate well with 

measured levels of propofol24) and with the alertness/sedation 

scale.
25) In the study, BIS scores were lower for propofol 

alone than for propofol plus remifentanil infusion and corre-

lated better with the latter than the former. These findings 

suggest that combined propofol/remifentanil therapy can be 

successfully used with lower levels of sedation than can propofol 

alone and that this has no negative effect on patient satisfac-

tion and responsiveness under BIS monitoring.

  Remifentanil-associated hemodynamic disturbances include 

decreased in heart rate, cardiac output, arterial blood pressure, 

and systemic vascular resistance.26-29) Two recent studies demon-

strated that the hypotension associated with remifentanil and 

propofol administration is dose-dependent.30,31) Little information 

is available in the literature on the effect-site concentration of 

remifentanil required to control hemodynamic changes induced 

by different surgical stimuli during MAC. However, TCI of 

remifentanil has been demonstrated to allow easy and rapid 

adaptation of analgesia, resulting in better stability of perio-

perative hemodynamics as compared with continuous weight- 

adjusted infusion.32)

  In conclusion, on the estimated the EC50, TCI of propofol 

plus remifentanil was found to be safe since there were no 

incidents of clinically significant side effects and using BIS 

monitoring might help to objectively guide administration of 

propofol and remifentanil. The study identified the propofol/ 

remifentanil concentrations required for achieving effective seda-

tion and analgesia without side effects under BIS monitoring 

when using TCI in MAC.
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